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ommendations for belt 
selections are unbiased . , . be. 
cause Texrope’s V-belt lineup 
is complete. And as inventor 
of the multiple V-belt drive, 
A-C offers sound engineering 
help... backed by the world’s 
longest experience in giving 
industry money-saving drives, 
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HEAT-RESISTING SUPER-7 has ability 
to withstand high ambient built right 
into it. Standard belt, it can operate in 
temperatures to 180° F. 


drives where fairly bad oil conditions 
prevail. Neoprene-covered, it resists oil 
spray and grease. 


2 OIL-RESISTING SUPER-7 is right for 














OIL-PROOF SUPER-7, is solid Neo- 
prene—a synthetic unaffected by most 
rubber attacking liquids. Recommended 
for extreme oil conditions. 
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STATIC-RESISTING SUPER-7 conducts SUPER-7-STEEL employs endless steel 
static charge to machine for grounding 5 cables to provide greater strength, fe 
charge. This safety belt is applied where duce belt stretch. It is ideal for driving 
explosion danger exists. extra-heavy loads. A173 









Texrope Super-7 V-Belts result from the cooperative research of two great companies—Allis-Chalmers and B. F. Goodrich—and are sold exclusively by A-C. 
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THESE MOUNTINGS Cem 

operate at slow speeds and are subjected to Cera 
consizerable cutting oil or compound and Cork 
abrasive matter. ing 





Upper mount combines a labyrinth closure Lead 
with a synthane sealing disc which presses Mag 
lightly against the smoothly ground bearing Bi yiy 


@ Ball bearings will give long life and fine accuracy — face. Result is excellent protection against If p,., 
but only when they are enclosed by methods which assure | either wet or dry contaminants, without objec Hayy 
adequate protection from dirt or other injurious matter. |  tionable friction at speeds involved. Steel 

At slow speeds a positive seal is frequently essential. Lower mount swings through a wide arc and {fi Tung 
Here are two that are not expensive and are adaptable to | is thoroughly flooded with cutting oil. Speed jf Vana 


an extra sliding seal is used, consisting of 4 

bronze ring held in light contact by @ stock 

finger spring. Balls, 
Seals such as these are relatively simple VB Bear 


If you use or intend to use ball bearings, New Departure 
engineers are always ready to help you get the most out 


many applications. | of rotation is very slow. Under these conditions Line, 
of them. 


occupy little space and are long-lasting. They 20 


' | also afford very good bearing protection and | Bello 
| are efficient retainers for either oil or grease If Belts, 
| B Stake 
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Classified for Convenience when Studying Specific Design Problems 


m Calculations: 
Rotating disks, data sheet, Edit. 145-148 


Design Problems: 


Brakes, selection and specification of, Edit. 129-134, 174, 176 
Die castings, zinc, design pointers, Edit. 151 


Bl electronics applied to dictating machine, Edit. 91-94 
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Fillet sections, calculating, Edit. 154, 182 

lubrication, selection of centralized systems, Edit. 113-118 
# Package” motor-control, utilizing, Edit. 109-112 

Seals, considerations in application, Edit. 119-128 

Stress warning device for aircraft, Edit. 98 

~ § Vibration and noise—causes and cures, Edit. 99-104 

~ § Wear, factors influencing, Edit. 105-108 


Ingineering Department: 


Design service, Adv. 46, 169, 202, 278, 307, 311, 312 
Equipment and supplies, Edit. 166, 168: Adv 41. 84. 157 


180, 229, 272, 300, 302 


Instruments, Edit. 1385-138 


Paints, Adv. 26, 27 


Aluminum alloys, Adv. 70, 83 
Bimetal, Adv. 71 

Bronze, Adv. 245 

f Cemented carbides, Adv. 325 


| Ceramics, Adv. 177 
iB Cork, Adv. 179 


ip Felt, Adv. 58, 242, 304 

iB Glass, Ady. 52 

lead, Edit. 97 

Magnesium alloys, Adv. 175, 23) 

Nickel alloys, Adv. 69, 163, 236 

Plastics, Edit. 154, 160; Adv. 37, 225, 226, 233, 30) 

fubber and synthetics, Edit. 121, 125, 162; Adv. 35. 190, 193 
Steel, Adv. 197, 217, 259, 290 

Tungsten carbide, Adv. 64 


sure 
28868 
wring 
rinst 
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Vanadium alloys, Adv. 75 
Zine, Edit. 149-152; Adv. 159 


t 
S$; 


i Salls, Adv. 306 
Bearings, Adv. 4, 18, 29, 38, 44, 72, 79, 153, 165, 173, 185 


cricl 
all 7161 


» 219, 253, 276, 282 


B fellows, Adv. 189 
Belts, Adv. IFC, 55 


Brake controls, Adv, 280 
Brakes, Edit. 129-134, 174, 176 


Brushes, Ady. 298 
Brushes, carbon, Adv, 288 


Carbon parts, Adv. 211, 258 

Cast parts, Adv. 200, 239 

Chains, Adv. 14, 21, 28, 61, 299 

Clutches, Edit. 111; Adv. 224, 248, 257, 266, 288, 304 
Controls, electrical, Edit. 91-94, 109-112, 160, 162, 166, 


Adv. 18, 23, 36, 59, 67, 76, 77, 82, 201, 214, 237, 288. 


240, 248, 244, 246, 248, 252, 254, 265, 278. BC 

Counters, Edit. 112; Adv. 60, 310 

Couplings, Adv. 178, 183 

Electrical accessories, Edit. 111, 160; Adv. 198, 235, 264. 291 

Engines, Edit. 164; Adv. 242, 272, 310 

Fastening, Edit. 120; Adv. 8, 50, 51, 68, 78, 186, 194, 196 
220, 230, 232, 247, 248, 251, 261, 283, 270, 278, 275 
283, 288, 309, 326 

Feeders (vibrating), Adv. 264 

Filters, Adv. 30, 31, 53, 210 

Fittings, Adv. 80, 262, 264, 281 

Floats, Adv. 256 

Forgings, Adv. 54, 182, 284, 315 

Gears, Edit. 95, 109; Adv. 39, 40, 65, 206, 222. 248, 252 
256, 276, 287, 297, 306, 310 

Heat exchangers, Adv. 254 

ifydraulic equipment, Edit. 156; Adv. 9, 19, 87. 89, 181 
184, 207, 244, 292, 3138 

Instruments, Adv. 269 

Lighting equipment, Edit. 166, 168; Adv. 10, 302 

Lubrication and lubricating equipment, Edit. 113-114: Ady 
204, 241 

Machined parts, Adv. 240, 260, 318 

Motors, Edit. 109-112; Adv. 1, 15, 33, 47, 85, 86, 90, 218 
216, 221, 228, 250, 256, 274, 289, 290, 300, 323, IBC 

Mountings (rubber), Edit. 99-104; Adv. 171, 277 

Plastic parts, Adv. 48, 66, 195 

Plugs, Adv. 305 

Pneumatic equipment, Adv. 188, 209, 212, 285, 295, 302, 30% 

Pulleys, sheaves, Adv. 25, 187 

> Edit. 160; Adv. 16, 17, 174, 180, 216, 246, 298, 306 

Seals, packing, Edit. 119-128, 164; Adv. 2. 20, 41, 45, 161 
208, 234, 271, 316 

Speed reducers, Edit. 85; Adv. 191, 192 

Springs, Adv. 22, 204, 216, 218, 230, 254, 308, 319 

Stampings, Adv. 227, 308 

Transmissions, variable speed, Edit. 156, 164; Adv. 6, 11 
62, 63, 223, 317, 318 


Tubing, metallic, Adv. 32, 73, 167, 176, 214, 296, 282 


Tubing, nonmetallic, Edit. 166 
Valves, Adv. 12, 232 


Welded parts and equipment, Edit. 162, 166; Adv. 24. 34 
42, 56, 57, 74, 81 155, 198. 199, 240, 249, 272 


Wheels, casters, Edit. 166 
Wheels, grinding, Adv. 267 


Production: 


Grinding, Adv. 258, 268 
Hardening, Adv. 43 
Tools, Adv. 204, 255, 279 
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ACHINE DESIGN is indexed in Industrial Arts Index and Engineering Index Service, both available in libraries generally. 
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OFFERS YOU... 


Unlimited speed range — not just 5 to 1, 10 to 
TEST IT Al O UR RI Ss K! 1 or 100 to 1 but every speed to zero, forward 
and reverse, without stopping the motor. 


Full torque guaranteed over the entire speed 
range. 


Order the Graham for your laboratory as a 
utility all-speed test unit. We can deliver. 
Shown above — Model 60. Input range — 
1800 RPM. Output speed range—all speeds, Close speed adjustment — guaranteed ap 
from 300 RPM forward through zero plus its speed more closely than any other or 

shockless reversal to 200 RPM in reverse under comparable conditions. Ee 
without stopping the motor. Maximum % H.P. tube 


New compactness. Combines reducti 
range in a single unit. All metal. Sel 
WRITE FOR BULLETIN 506 cated. No belts, no tubes. Economical. 


GRAHAM TRANSMISSIONS INC., 2706 n. TEUTONIA AVvE., MILWAUKEE 6, WIS 
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iency of Hydraulic Systems .... d 
. . . . can be hampered greatly by leakage. To keep hydraulic fluid—the lifeblood of 
such systems—within its confines, requires effective seals. The timely article beginning 
on Page 119 gives you the latest information on seal design. 


alized Lubrication Is a "Must"... . 
. |. « on some machines and a luxury on others. Where it fills the bill there are no 
fitting substitutes. What are the factors influencing type and quantity of lubricant, and 
type of metering valve employed? See Page 113. : 


Many Office Machines Have Seen Few Basic Changes .... 

'.. . .« during the last decade. Improvements have been more in the nature of gradual 
refinements, utilizing the latest in styling, materials and processes. A machine in which 
such refinements—plus radical new developments—are incorporated, is discussed in the 
article beginning Page 91. “4 


On Long Range Flights of Military Aircraft... . 
. . . accurate torquemeters are an absolute requirement. They aid mightily in keeping 
tabs on engine efficiency. What are the leading types? How do they work? Perhaps 
one would make your new machine a more efficient unit! See Page 135. 


Wear of Metallic Surfaces .... 

. occurs in two principal ways. Projections and indentations of rough surfaces 
catch and rip; or galling, a form of incipient welding, occurs. The latter is caused by 
high surface pressure. If you’re interested in an authentic analysis of the many factors 
contributing to wear of machine members, turn to Page 105. 





1Ot0 Keeping in Touch With the Field... . 

yard . . .. is part of every machine designer's job. Latest trends and developments can 
exert profound influences on his work. Let “Outstanding Designs”, one of the regular 

need departments appearing each month in MACHINE DESIGN, help keep you posted. Turn 
to Page 140. 
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Pictured above are spheroidizing furnaces with which RBGW rearranges the internal structure 
of metal to a state best suited to the cold-forging of RB&W- Phillips Screws. RBEW is one of 
few screw manufacturers operating this type of equipment. 





NEW SPEED WITH PHILLIPS SCREWS 
from the oldest name 


IN AUTOMATIC COLD-HEADING 


Be sure you get a// that Phillips of- 
fers — with every screw. 

When you use “Phillips” instead of 
slotted, you're looking for faster driv- 
ing — resulting from the quick, fum- 
ble-free start... use of faster driving 
methods .. . freedom from accidents. 

To make sure of getting maximum 
driving speed —— the full advantage of 


the Phillips head shape — specify 
“RB&W- Phillips”, and benefit from 
the experience of the manufacturer Jong- 
est identified with automatic cold-forming. 


Additional savings in assembly time 


will come from RB&W’s tough cold-‘ 


drawn metal, strong cold-upset heads, 
clean cold-formed threads, accurate di- 


mensions. The extra strength of 


“RB&W -Phillips” 
get all the advantages that Philp 
offers — with every screw. 


Manufacturer of machine screws. — 
screws...and stove bolts. _ with the 


Recessed Head. 
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Hydraulic Units 


for 3000 p.s.i. 
Continuous Operation 





Complete Power Unit 








3 HP MOTOR 
UNLOADING & RELIEF VALVE 
ACCUMULATOR 
PRESSURE METERING VALVE 











Pressure Switch » Magnetic Starter 
All units mounted on Reservoir Base 


" Compact - Small 
a For Machine Tools + Presses + Testing Equipment 





THE NEW WORK AIR BRAKE COMPANY 
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42C Lexington Avenue, New York 17, N. Y. 3 ad 
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EXPLOSIVE UNITS for emergency release of 
aircraft from their towed gliders are now being 
utilized by glider-towing planes in France and the 
China-Burma-India theater. Gliders can normally 
disengage the tow cable at the proper time for 
landing. Occasionally, however, an emergency may 
arise which requires the aircraft to disengage itself 
from the glider im a hurry. The explosive unit is 
located outside the plane and is operated by an 
electrical detonator within the plane. 


FLAME-SPRAYED synthetic rubber on steel pro- 
peller shafts appears to reduce the menace of de- 
structive electrolytic action, a problem of major 
concern to sub chasers and mine sweepers. Forming 
a firm bond, the rubber has high abrasion resistance. 


PLASTIC FOAM, a new type of plastic developed 
by General Electric, is self-raising and self-curing. 
It is lighter than conventional insulation materials 
and lower in heat conductivity. 


SYNTHETIC FLIGHT TRAINERS embodying 
the Dehmel patents are expected to prove an im- 
portant factor, when fully developed, in permitting 
preflight analysis of new types of aircraft while they 
are still in experimental stages. The principles of 
“electromathics” as used in the trainer for simultan- 
eous and continuous solution of complex problems 
are also applicable to other commercial products. 


NEW ROCKETS much larger than the earlier 
“bazooka” projectile are being discharged from 
barges and other landing craft which mount strange 


multiple - barreled mecha. _ 

nisms to discharge several of | 

the big rockets simultaneously. The 

rocket motor itself is composed of 4 
long fuel chamber, a “discharge venturi’ 
jet, directional guiding vanes and electrically. 
fired percussion contacts. Unlike the conventional 
heavy duty shells the velocity of the rocket acceler. 
ates while the projectile is traveling toward its 

objective. 


THE 100,000 TURBOSUPERCHARGERS pro- 
duced by General Electric have given Uncl: Sam's 
fighting planes the means of recovering at high 
altitude more than 66 times the power generated at 
Boulder Dam, or almost twice the output of the 
entire nation’s steam power plants combined. 


ENOUGH POWER is packed in twenty Super- 
fortresses, having tour 2200-horsepower engines, to 
drive a 45,000-ton battleship of the Iowa class at a 
speed of 33 knots. 


AUTOMATIC PILOTS have been adapted for 
use on Army gliders. By use of the device a glider 
can be set to follow the tow plane at a given alti- 
tude and on a true course, allowing gliders to be 
flown even in bad weather. 


BASIC ENGINEERING DATA on castings, com- 
piled by the S.A.E. War Engineering Board promises 
to aid in breaking the bottleneck to increased prt 
duction of cast parts needed by the armed forces. 
Urging close cooperation from design to completion 
of castings, the recommendations suggest analysis 
ot every detail and phase of manufacture. Prope 
inspection and selection of raw materials, segreg* 
tion of scrap, correct operation of furnaces and other 
equipment, and quality control checks are also 
recommended. 


HARDENABILITY DATA has been prepared by 
S.A.E. and A.LS.I. in a booklet “Tentative Harder 
ability bands have been published. The steels, 
by hardenability is currently applicable to 37 stand- 
ard fine-grain steels for which tentative harden- 
ability bands have been published. The steels, 
identified by customary $.A.E. and A.LS.I. number 
plus the code letter H, include 4100H from .30 te 
50 carbon, 4340H, 4620H and the 8600H 
8700H series from .20 to .50 carbon. 
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Flectronics Widens Scope of 





Business 


Machine 


By S. G. Langley 
Chief Engineer, Ediphone Div. 
Thomas A. Edison Inc. 


ANY of the most widely used 
machines of today are the re- 
sult of evolution rather than 
ndical new design. Their ancestries can 
be traced through a succession of stead- 
iy improving models each of which 
takes advantage of new construction 
methods, new styling and new technical 
tevelopments in their own and related 
» While retaining the basic features 
characteristic of the machine. An out- 
standing example is the dictating ma- 
chine family, the newest member of 





















Fig. 1—Electronic dictating machine 
includes Quadraphone (microphone and 
speaker) and recorder-reproducer cabinet 
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which, Fig. 1, is the subject of the present article. 

Though often considered as a special recording device 
the dictating machine is, in reality, the most widely dis- 
tributed recording equipment in daily use. The first 
phonograph was a recording machine developed for busi- 
ness purposes, Fig. 2. Since the development of this 
pioneer model these machines have been steadily im- 
proved, culminating in the recently introduced Edison 
electronic Voicewriter. 

When it was decided to augment the services per- 
formed by the acoustic (voice-powered) equipment by 
designing an electrical machine involving amplification, 
experience gained through the manufacture of special- 


purpose electrical recording equipment (Telediphone) 
over a period of some twenty years was added to that ob- 
tained in the dictating machine field for sixty-seven years, 
with the result shown in Fig. 1. Development of this new 
machine may be roughly divided into three parts: Cab- 
inet; amplifier and recording mechanism; and controls. 

Cabinet design is based on that which was employed 
to provide complete enclosure of the 1933 model dictat- 
ing machine. Mechanism which controls the mandrel 
and the recording and reproducing arm is mounted in a 
steel enclosure resting on the carriage shown in Fig. 3, 
which has rollers allowing the mechanism to be moved 
easily into operative and inoperative position by means of 
the hook visible to the left of the index slip in Fig. 1. As 
the carriage is rolled forward, the lever and link, Fig. 3, 
are put into operation by a pin which engages a slot, open- 
ing the letter-tray door pivoted on a pin at the side of the 
letter-tray support. ° 


Slide Mechanism Performs Several Functions 


Movement of the mechanism on its rollers permits the 
operating portions, including the control lever, the index 
slip and the length-and-correction punches to be brought 
fully forward and still keep the machine depth reasonable. 
Further, it permits a simple pivoted cover. The slide 
mechanism, Fig. 3, performs several functions. It serves 
as a support for the machine mechanism, it operates the 
master switch shutting off all power when moved back, 
and it opens the correspondence compartment door. 

In Fig. 4 is shown the door (carrying correspondence 
folders and cylinders) in maximum open position, pivoted 
on a pin at the lower end and held from opening further 
by a stop. The same view shows the amplifier drawn out- 
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ward on its rack as it would be when in need of Servicip 
The top cover is shown raised, the circular cutout bein 
closed by a shutter when the cover is down. ' 

Steel is used throughout in the construction Of the 
cabinet. The body, shown in Fig. 5, is made of number 
20 B & S gage auto body stock. After notching, Piercing 
and forming it is completed by spot welding the thre 
front members, which are held accurately in Position by 
a fixture. Holes-are jig drilled in the inwardly projecting 
flanges at top and bottom to which are bolted the upper 
frame containing the mechanism carriage and lower frame 
or base, which carries the casters. 

Top frame, Fig. 3, is made from a strip of No. 20 B &§ 


Fig. 2—Left—Original Edison tin-foi] phono. 
graph was the starting point of the sound. 
recording industry 


Fig. 3 — Below — Side elevation show 
mechanism which rolls. carriage forwa 
and opens letter-tray door 
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Servicing nige steel, pierced and notched while flat, then flanged 
‘out being formed rectangular to coincide with the top of cabinet 
_ The ends are held together by a plate spot welded 
On Of the io them on the inside while held in position by a fixture. 
OF number To the outer upturned surface of the frame is spot welded 
>> Piercing , strip of round edge steel, No. 19 B & S gage, rolled 
© thee channel-shape which, when assembled to the cabinet, con- 
Osition by wals the joint of cover frame and cabinet and also pro- 
Projecting ie a decorative effect.. The depressed central groove 
the Upper, this strip is used for spot welding to the frame, then 
wer frame jequered, thus obliterating the spot welds. The two 
nised portions of the strip are brightly polished. 

Bottom frame or base, Fig. 3, is made of No. 16 B & S 
gage steel. It is sheared to rectangular shape, then the 
necessary holes are pierced and the corners notched out 
to allow forming four sides or flanges, resulting in the 


20 Bas 


oi] Phono. 
he sound. 



















Space and heat dissipation for amplifier assembly, 
im extended for servicing, was a major design problem 







Pe of an inverted pan having open corners. Follow- 
the construction used in the top frame, a round-edged 
mnel-shaped strip of No. 16 B & S gage steel is formed 
fectangular shape and then spot welded to the down- 
- Projecting flanges of the base. When assembled to 
®abinet, the strip conceals the joint between the cab- 
body and the base and is wide enough to conceal the 








ver is made of three pieces of No. 20 B & S gage 
=» Consisting of right and left sides and a curved center 
= accurately assembled into a fixture and held for 
#*t welding. The cover frame, in which it is pivoted, is 
ue of four pieces of the same material, formed to shape, 
axture-held and spot welded. 
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Fig. 5—Cabinet body is sheet steel formed and spot 
welded in fixtures, insuring accuracy plus or minus .015- 
inch. Holes for bolted attachments are jig drilled 


Spot-welding fixtures used for producing these as- 
semblies received careful consideration in their design, 
with the result that the parts consistently come within the 
tolerance of +.015-inch. 

A principal problem was to obtain space and heat dis- 
sipation in the cabinet for the amplifier and control 
equipment. A portion of the back of the cabinet was cut 
out and a sliding rack inserted, Fig. 4. The electronic 
tubes were placed in the back of the amplifier near the 
ventilating grille. The interstage and transformer shield 
cans were arranged to act as a backing and heat-directing 
shield, a plate in the cabinet directly above the amplifier 
completing the heat-isolating system. The cabinet cover 
was arranged to open only part way and a small shield 
added to provide room above the machine mechanism 
for the electrical recorder and some of its controls. 

Amplifier, shown in Fig. 4, is rather unique, for it is a 
high-gain (112 decibels) AC-DC, three-stage design on © 
a 9-inch by 7-inch chassis. As business office equipment 
often is accidentally disconnected from the power line at 
night by janitor service, it was necessary to make its op- 
eration independent of the polarity of the line, with the 
machine cabinet grounded or floating. There is no con- 
nection between the cabinet and the power line. This 
amplifier is further distinguished by a fast-acting, wide- 
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range automatic volume control and by an input trans- 
former. This patented transformer is triple magnetically 
shielded and is so well electrostatically isolated that 120 
volts, 60 cycles, can be connected between its primary 
and secondary without disturbing its operation. This 
permits the input system to be completely isolated from 
the power line and to be grounded to the cabinet. 

Combination recorder-reproducer, Fig. 1, employs a 
Rochelle salts crystal as its conversion element. The 
crystal is clamped between two aluminum plates, and has 
a recording sapphire cemented to its end. The sapphire 
is mounted in a light-weight molded Lucite holder. For 
reproducing, a sapphire ball stylus is mounted in a small 
pivoted holder which coacts with the recorder stylus 
holder through a spring. This system results in a stiff 
recorder and a compliant reproducer. 

The wax cylinders employed are similar to the master 
wax disks used in making commercial phonograph re- 
cordings. Their surface noise is the lowest for any known 
material. This allows the recording to be made at ex- 
tremely low levels, of the order of .00001-inch for the av- 
erage, and still maintain a good “signal to noise” ratio. 
This may be compared to the .001-inch swing of com- 
mercial phonograph records. 

To those not familiar with the field of recording, it 


Fig. 6—Floor switch, used during dictation to start and 
stop the record, is bypassed when service selector switch 
in base of Quadraphone is in conference or external 
positions permitting continuous operation without attention 

























might be of interest to make a few other comparison; 
The recorder pressure on the record is approximately 3 
grams (about 1/10-ounce). The reproducer Pressure js 
only 10 grams (1/3-ounce), although the best home 
phonograph reproducer requires 1-ounce pressure. 

Inasmuch as a system for use by business men must 
function every time and must require a minimum of con. 
trols, the control system has been made extremely simple 
and dependable. Essentially, it consists of a desk unit 
(Quadraphone), a floor switch, record-reproduce eye 
and an index. 

Heart of the system is the Quadraphone. It Contains 
a crystal microphone, a 5-inch permanent magnet speaker, 
a neon signal light and a service selector switch, Th 
signal light is operated by the amplifier power supply and 
performs three functions: It shows when the amplife 
is “hot”; a steady light indicates machine is conditioned 
for recording; and a Hashing light indicates that the m.- 
chine is in neutral or reproducing condition. 











Controls Recording and Reproducing Circuits 


Service selector switch in the base of the Quadraphone fi) 
Fig. 1, connects the amplifier input through a volum 
control to the microphone for dictation, (D), through; 
second volume control to the microphone for convers- 
tion recording, (C), and through a third volume contr 
to an external circuit, (EXT), for recording speech orig 
inating at points remote from the machine such as 
or telephone. At the same time that the three open 
conditions are set up, the motor is turned on. In 4 
tion, this switch connects the floor switch shown in Mig 
into the circuit for control during dictation and bypi 
it in both conversation and external positions. This} 
mits continuous operation on the record without mail 
attention. j 

Design of this unit presented some extremely inten 
ing problems. The output and input circuits of thei 
gain amplifier and the power line all come togethen} 
are confined in a very small space. Furt'iermulty 
switching required a 3-pole, 4-position switch with 
plete shielding for 112 decibels between parts. Img 
tion, one of the blades in one position had positi t 
break its circuit before making the next. 4 

Die castings were used for the Quadraphone ass 
to act as shields and mounting means as well as to@ 
a pleasing and distinctive appearance. The floor # 
operates a clutch to start and stop the cylinder tim 
an electrically set, mechanically locked, electrically 
relay. The motor operates continuously—except ™ 
the Quadraphone switch is in “off” position—and a 
operation results in the cylinder reaching full recom” 
speed in .05-second or less. 

While retaining the features and conveniences of a 
previous models used for dictation, new facilities g sin 
vided by electronics are made available, such as dictatm ni 
at a distance, recording of conferences and intervie ‘a 
recording of telephone conversations, all with immediate " 
ly amplified playback. 00 

From the foregoing brief discussion it will be appa 
ciated that the successful design of this type of wed r tk 
ment involves the careful application and correlation 0s, 
the principles of many fields of engineering. om 
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ditions? tions are obtained with the 
t the ma. positive-drive, variable-speed 
msmission illustrated at right and 
sow. Designed by Ralph N. 
its fodie Co. Inc. to calibrate liquid 
cers, the transmission utilizes a 
draphone, Binetary system with a change- 
a voluneBear stack and two shiftable idlers. 
hrough ih the shiftable idlers and the 
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the planetary gear elements 
tating VE the variable ratios. The sys- 
erien illustrated was designed with a 
medi #P™Nal input-output ratio of 1 to 4, 

© Tatios varying between 1 to 
2 appt 9005 and 1 to 4.173. Increments 
joe the coarse adjustment idler are 
ation 5, obtained by shifting the idler 

Aving bevel gearing to an adjacent 
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gear on the stack. Fine adjustment increments of .00225 result from 
shifting the idler having the worm gear. These fine increments are 
obtained for eleven positions leaving an increment of .0025 for the 
twelfth position, obtained by a shift of the coarse adjustment idler. 
Eleven such positions for the fine adjustment idler are available for 
each of the eleven shifts for the idler for coarse adjustment, making 
121 ratios. 


Electric speed reducer serves, in effect, the functions of three 
separate units—coupling, speed reducer and electric generator. 
Known as the Bowes drive, it comprises three main elements one 
of which is coupled to the prime mover, another bolted to the driven 
shaft and the third is a stationary element. Essentially a generator 
rotor, the engine element has poles selected for the desired speed 
ratio. The shaft element consists of a rotating spider which sup- 
ports two sets of windings. 

Together with the engine element the inner winding of the 
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spider forms a generator and trans- 
mits torque to the driven shaft due 
to the reaction resulting from genera- 
tion of power. The outer winding of 
the spider, solidly connected to the 
generator winding, makes use of the 
field of the third or stationary ele- 
ment to operate as a motor, convert- 
ing electrical energy into mechani- 
cal energy for turning the driven 
shaft. The stationary element sup- 
ports a synchronous motor field and 
a motor-starting winding as shown 
in the drawing below. 

If the shaft element is held sta- 
tionary the unit behaves like an or- 
dinary generator which is particu- 
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larly advantageous on ship propul- 
sion systems where power is re- 
quired in port. The drive illustrated 
above, built by the Elliott Co., is for 
three-to-one speed reduction on a 
720 revolutions per minute, 900- 
horsepower diesel. 

Approximately 15-kilowatt, three- 
phase power take-off is provided 
when the coupling is driving. With 
the shaft element locked, 400 kilo- 
watts are available. A similar de- 
sign is being developed for revers- 
ing duty. 


an 


Cam-actuated 
picker bars on the vertical 
drums shown in the photo- 
graph at right are utilized 
on the McCormick-Deering 
cotton picker. Fifteen bars 
are employed in a drum box 
and each have 20 spindles, 
making a total of 600 spin- 
dles per drum. Rotating at 


2000 revolutions per minute | 
spindles are fitted with fine poini 
barbs that have a high affinity L 
cotton lint. . As the spindles m 
through the picking area, cotton 
wound around them and pulledo 

of the boll. Revolving disks show 

at left in the photograph have mil 


from the spindles. 


plied to the spindles by applicatog, 
at right just before the spindles eni@§, ,, 
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block on the bracket carries bearing 
members which support a lever on a 
pin. This lever is urged upward by a 
strong spring to hold the follower 
against an eccentric driven by the 
electric motor which ,forces the in- 
denter point of the hardness testing 
unit mounted on the other end of the 
lever into the material under test. 

Contacts are secured in the indi- 
cator structure of a conventional 
testing unit and wired into an elec- 
trical circuit which includes a trans- 
former connected to a source of pow- 
er, a relay operated by the closing 
of the contacts. which in turn closes 
other contacts, and a solenoid en- 
ergized by the second set. of con- 
tacts which actuates the stamping 
mechanism to mark the material. 
Operation is 43 times a minute in 
this mechanism, developed at Glenn 
L. Martin Co. 








“Me picking area. Diagram of the 
mechanism, above, snows the positions 
the spindles as they pass the pick- 
SGihg zone, doffer and moisture appli- 
M@ctor. The cam action is so designed 
§ to place the spindles at proper 
mgles for most efficient operation in 

ach position. 


Automatic certification of hard- 
&ss by stamping inspector's and heat- 
eat stamps on parts is performed by 
ttester illustrated at right. Consid- 
able time is saved and the possi- 
lity of certification of a part of im- 
oper heat treatment is prevented. 
mp mechanism utilizes a plunger 
Md Gn operating solenoid. 

Mounted on the upright member is 
bracket supporting the testing mech- 
msm and an electric motor. A 


> . 


Poured-lead Inserts 
at points where the meas- 
uring chamber comes in 
contact with the cast iron 
case of the water meter 
shown at left provide joint- 
ing surfaces between 
these parts and prevent 
the formation of corrosion 
which otherwise would 
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make subsequent removal of the measuring 
chamber difficult. Exterior and interior sur- 
faces of the case are protected by chemical 
treatment to inhibit formation of corrosion and 
by synthetic-resin enamel finish, baked at ele- 
vated temperature. With the return of use of 
bronze for case manufacture, the lead inserts 
and cast iron cases are no longer necessary. 
This design, however, built by the Pittsburgh 
Equitable Meter Co. shows how ingenuity may 
be employed to advantage to overcome limita- 
tions resulting from substitutions. 


TOS ag eiemetaess 


even if they occur only for a short interval of time, 

Two warning lights are used; one burns whey 
switch closes and goes out when it opens, the sam 
locks-in and continues to burn after the Switch is opens 
Since normal relays require a few hundredths of a seg 
to lock-in, vibratory stresses would not give an indicat 
Therefore thyratrons are employed which have q fast re 
sponse. In the circuit employed, indications of four m 
croseconds are sufficient for operating the indicgin 
lamps. Pilot may unlatch the lock-in circuit if he w, 
to know when stresses again become excessive durin 
maneuvers. 





ae .8 


Stress warning for aircraft pilots, inform- 
ing them immediately of dangerous structural 
conditions during flight, is accomplished by a 
simple but effectiye device developed by Lock- 
heed and reported recently to the S.A.E. This 
unit, illustrated above, consists of five parts: 
Two clamps, a rod, a snap-type precision 
switch and an electrical circuit. The clamps 
fasten the unit to the structural member in 
question, holding the rod and switch in such 
a way as to transmit the relative deflection be- 
tween the gage points to the switch. Calibra- 
tion for desired stress warning is obtained by 
screwing the rod into the clamp to give desired 
gap for switch action. The electrical circuit, 
tight, is designed to indicate excessive stresses 
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Fig. 13 — Left — Tube- 
form rubber mountings 
located at four support 
points of Allison engine 
on P-40 Warhawk iso- 
late vibrations originat- 
ing in the engine 
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Vibration and Noise— 


Causes and Cures 


By Colin Carmichael 
Fig. 14—Below—Plate-form 


rubber mountings support the 


NOURCES of vibration Part Il—Isolation Mounting Friez flight analyzer, protect- 
ing it from disturbances due 


‘} and noise in machines 

sometimes are so obvious fo een eee 
hat their magnitudes and frequencies can 
accurately predicted. In other cases they 
bmore elusive and can only be tracked down 
# assiduous search with precision instru- 
fits such as were discussed in last month’s 
le. In either case the proper procedure in 
meung a cure is first to eliminate or diminish 
h as possible the source of the trouble, 
x then—if vibration still exists—to isolate 
pSource through the use of suitable materials 

mo ntings. 
though much can be done toward elim- 
es vibration and noise at the origin by 
|. 46 rotating and reciprocating parts, 
_ ng impacts, etc., the residual unbal- 
tesulting from the necessary manufactur- 
tolerances stil] may be objectionable. 
~. ¥» Some types of machines deliver a 
odie force or torque externally which can- 
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not be balanced, as in the case of an engine driving a 
propeller, Fig. 13. The resulting force or torque reaction 
is an important source of vibration trouble. 

It is therefore no exaggeration to say that there are 
few types of machines today whose operation could not 
be improved through the use of vibration-isolating mount- 
ings of some form. The present article is concerned with 
such mounting devices and how they should be applied 
to insure smooth, quiet operation. 

Resilient mountings for vibration isolation are employed 
for one of two purposes: (1) To isolate from the sur- 
roundings those disturbances which originate within the 
mounted equipment, or (2) to support delicate equip- 
ment, protecting it from external disturbances.’ Typical 
of the first case is the engine in Fig. 13, which has 
resilient mountings to diminish the transmission of peri- 
odic torque reaction and possible unbalanced forces or 
moments to the structure of the plane. Protection of 
precision instruments from vibration in the surrounding 
structure is illustrated by the resilient mounting of a 
flight analyzer, Fig. 14. 

The moving parts or pressures in machines which are 
in continuous operation set up periodic forces and moments 
of definite frequencies, as illustrated in Fig. 2 of last 
month’s article. The resulting vibration is known as 
“sustained”, “steady state” or “forced” vibration. It is 
due to the action of the periodic forces and moments on 
parts which are sufficiently elastic to respond. 

Vibrations originating in mechanisms have a tendency 
to stimulate quivering of housings, panels, and other 
parts somewhat in the manner of a loudspeaker diaphragm. 
High-frequency vibrations and the higher harmonics of 
disturbances having lower frequencies therefore become 
audible as sound or noise. For this reason, isolation of 
vibration in a machine is a long step toward the sup- 
pression of noise. 

Because machine structures possess both mass and 
elasticity, a deflection or deformation of any kind involves 
displacement of the mass and the creation of an elastic 
restoring force proportional to the deflection. When such 
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Fig. 15—How vibration and transmitted force vary 
with frequency ratio in a resiliently mounted system 
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deflection occurs and the part is not subjected i. 
tinued external forces, the restoring force accelerates j 
mass back toward the equilibrium or unstressed Dosit 
with the result that when the mass reaches that DOsit 
it is moving with some velocity and “overshoots the 
The restoring force now acts in the opposite diress 
and a vibration cycle is set up which continues , 
diminishing amplitude until stopped by friction, 
cycle repeats with a definite frequency, known 4 
natural frequency of free vibration, which is a func 
only of the mass and of the elasticity. The relations 
for translational vibrations is 
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hg ke 
f= Basisqt cycles per second 


where W is the effective weight, pounds, of the 
which moves and k is the stiffness or restoring fone 
pounds per inch of deflection. For rotational movemeiil’ 
or oscillations a similar relation holds: 


1 k zg k 4 
f= SN we 3 B8Y a cycles per second ...( 


where W is the weight as before, r is the radius of gyrati 
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Fig. 16—Curve represents vibration amplitude os 
function of frequency ratio for constant disturbing 
frequency and varying natural frequency 


of the part with respect to the axis about which 
oscillates, and k, is the rotational stiffness or ™™ 
torque, inch-pounds per radian deflection. 

When a periodic force acts continuously on the 
which is the usual condition encountered in mae 
the frequency of vibration will be that of the dist 
force rather than the natural frequency. But tet 
of disturbing frequency to natural frequency § a 
most vital significance in determining the behavior 
part. While some mathematics is required for qua™ 
analysis of this forced vibration, it is not necessaly . 
understanding of the remarkable principle which ; 
basis of vibration isolation. This principle is 
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ig. 17—Chart may be used to select mountings for pre- 
determined reduction in vibration 


| 

| 

an 
a lize the inertia of the part to oppose the disturbing 
| ice. How this is accomplished may be understood from 
consideration of what happens when a periodic force 
applied to an elastically mounted machine, such as 

engine in Fig. 13, for example. 
When a slow up-and-down force is applied, the engine 
—— il move up and down along with the force. Under 
conditions the disturbing force and the inertia of 
engine act together, being opposed only by the re- 
__. ring force of the mounting. If the disturbing frequency 
increased, the inertia force increases in proportion to the 
of the frequency, causing the vibration amplitude 
become greater. At the natural frequency of free 
———; Portion the inertia force is great enough to balance the 
ing force of the mountings and there is, therefore, 
ing left to oppose the disturbing force. Continued 
ude o5¢ @eration at this speed—known as critical speed—results 
ist’ ® violent vibration which is limited only by friction or 
icy snubbing stops. 

What happens if the disturbing frequency is increased 
t which € the natural frequency? The inertia force is now 
or t than the restoring force which opposes it, and the 
ag in which equilibrium can be attained is for 
n the engine to start vibrating. in opposite phase to the 
ag force. That is precisely what happens. Now 
> di inertia force and the disturbing force oppose each 
it the mgMer, the difference being balanced by the restoring 
y isd at the mounting. As the disturbing frequency 
avior of reases, the inertia force increases, and the difference 
7 ich the restoring force must balance becomes less. 
ssary © yaans that the vibration amplitude becomes less, 
hich ‘et high speeds only a very small vibratory movement 
; simply an inertia force equal to the disturbing force. 
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Fig. 18—With severe disturbing forces, vibration amplitude 
may be reduced by adding weight to the mounted equip- 
ment, as in this concrete base 


How the vibration varies with frequency is shown in 
Fig. 15, which represents the amplitude of the motion 
as a fraction of the deflection that would result if the 
disturbing force were static. This ratio sometimes is 
called the “dynamic magnifier”. Thus, if the maximum 
value of the disturbing force is Po, the vibration amplitude 
would be P,/k times the dynaniic magnifier. 

Inasmuch’ as the vibrating force transmitted through 
the mounting is proportional to the deflection of the 


mounting, Fig. 15 also represents the ratio of this trans- , 


mitted force to the disturbing force, called the trans- 
missibility. 
Important conclusions may be drawn from Fig. 15. In 
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ihe first place, resilient mounting is beneficial only when 
so designed that the disturbing frequency is greater than 
1.414 times the natural frequency. Further, inasmuch 
as vibration and transmitted force are greatly magnified 
at frequency ratios near unity (critical speed), operation 
‘of the machine through this range, when speeding up or 
slowing down, may be dangerous unless done quickly or 
unless suitable snubbing stops are provided. Certain 
types of mountings and mounting materials possess suf- 
ficient inherent damping or internal friction to prevent 
building up excessive amplitudes. 

When studying the effect of various mountings of 
increased “softness” it must be borne in mind that the 
softer mounting has a lower k value, hence the vibration 
amplitude (Po/k times the dynamic magnifier) is greater 
than suggested by Fig. 15. Actually the vibration ampli- 
tude with mountings of different stiffness varies as shown 
in Fig. 16, the amplitude being equal to the amplitude 
ratio times that in a “Hoating” system (k=0). 

Inasmuch as the stiffness k of the mounting is the 
Joad per unit deflection, ‘t may conveniently be expressed 
in terms of the weight of the machine, W, and the static 
deflection, d, of the mounting under this weight, or 
k=W/d. Substituting this value in Equation 1 


3.13 
f,=——— cycles per second 


Vd 


188 : 
f,.=——— cycles per minute 


This relation is represented in Fig. 17 by the lowest curve, 
marked “Resonance with natural frequency”, correspond- 
ing to f,/f,=1 in Fig. 15. The next curve on Fig. 17, for 
0 per cent reduction, corresponds to f,/f,=1.414, while 
the remaining curves are associated with frequency ratios 
greater than 1.414. This chart offers a convenient means 
for determining the mounting stiffness required for a 
predetermined amount of vibration reduction. 

Though the foregoing discussion has been concerned 
with disturbances originating in the mounted equipment, 
the same principles apply to the isolation of equipment 
from external disturbances, and the curves in Figs. 15, 
16 and 17 may be employed for the selection of mount- 
ings for either case. Two examples will serve to illus- 
trate the use of these charts. 

A single-cylinder diesel engine weighing 1200 pounds 
has a disturbing force of 300 pounds due to the inertia 
of the piston and connecting rod at its working speed of 
1000 revolutions per minute. With rigid mounting, an 
alternating load of 300 pounds would be transmitted to 
the floor or. deck. 

Assuming that a reduction of 80 per cent is desired, 
leaving a transmitted force of only 60 pounds, reference 
to Fig. 17 shows that for 1000 cycles per minute the 
static deflection should be about .212-inch. A set of 
mountings which will deflect this amount under the 1200- 
pound weight of the engine would therefore be chosen. 
The natural frequency of the setup would be approxi- 
mately 408 cycles per minute, (from Fig. 17 for static 
deflection .212-inch) giving a frequency ratio 1000/408= 
2.45. The corresponding amplitude ratio, Fig. 16, is 
seen to be reasonably close to the ideal. The actual 
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Fig. 19—Above—Engine mounting utilized in this ins!) 
tion provides virtual center of gravity support 


Fig. 20—Below—Vibration isolators used on this m 
engine incorporate steel springs and internal guides 
withstand effects of rolling and pitching of the sj 


vibration amplitude is readily figured by simple propatiag™ 
Since 1200 pounds deflects the mounting .212-inch Fig. 
pounds will deflect it .212 x 60/1200=.0106-inch, wii “°° 
is'the amount of vibratory movement. 

In the event that even this small vibration is too 9° 
it may be reduced. by adding weight to the engine, 
as a concrete block forming part of the mounted struct 
Fig. 18. Thus, assuming another 1200 pounds is 
to the weight, for the same reduction in transmitted 
the static deflection would be the same. Howe 
give the same static deflection the mountings wows 
to be twice as stiff as before because the mounted? 
is doubled. The vibration amplitude would # 
.212 x 60/2400 = .0053-inch. 4 

As an example of a mounted instrument, sue 
flight analyzer, Fig. 14, it may be assumed @ 
point of support vibrates with an amplitude . 
at a frequency of 1600 tycles per minute. If it i 
to reduce the movement of the instrument to™ 
than .005-inch, the reduction would be (120 
/.125=.96 or 96 per cent. From Fig. 17, the 
flection should be .36-inch. Transmitted force % 


ig. . 


(‘| 
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| 195+.005)/.36 = .36 times the weight of the instrument. Inasmuch as the mountings generally have different stift- 
With a mounting which permits a certain amount of nesses in each of the three directions, three different 
54 lative movement the question of “degrees of freedom” natural frequencies result from the three values of k 
arises. A resiliently mounted part has six degrees of in Equation 1. Further, the radius of gyration, 1, is 
‘eedom—linear movement along three mutually perpen- different about each of the three axes, as well as the rota- 
dicular axes and rotary movement about these three axes. tional stiffness k, due to the mountings, giving three 
more natural frequencies from Equation 2. The first 
three “modes” of vibration are stimulated primarily by 
disturbing forces along the axes while the other three 

result from applied torques or moments. 

When applying a mounting to isolate a vertical dis- 
turbance, for example, it is possible that the lateral stiff- 
ness of the mounting may be such that the mounted part 
has a natural frequency in the lateral direction close to 
‘the frequency of a relatively minor disturbing force. 
Severe lateral vibrations could therefore be set up unless 
care is exercised in selecting the mounting. The fre- 
quencies of all disturbing forces, no matter how. minor, 
should therefore be known so that critical speeds can be 


y 


avoided. 

Because isolation depends on a mounting which gives 
a natural frequency less than the disturbing frequency, 
a mounting with lateral stiffness much greater than the 
vertical is a possible source of trouble. By installing 
mountings in series, as in Fig. 14, lateral stiffness can 





be kept low. 

The presence of higher harmonics of the main disturb- 
ing frequency need cause no concern, inasmuch as their 
frequency ratios are greater than those of the fundamental 
and they are therefore more completely isolated. 

Mounted equipment with a high center of gravity may 
show unfavorable performance due to instability, unless 
the mountings are elevated to approximately the level of 
the center of gravity. This is done in the instrument 
mounting shown in Fig. 14. 


- 


* 


Fig. 2I—Above—Mountings with and without dampers 
we two of several designs incorporating: ‘steel springs 





Avoiding Coupled Vibrations 


If the line of action of the mountings passes through the 


a SUPPORT center of gravity of the mounted ‘equipment, disturbing 

forces stimulate translational motion only, while torques or 

roporti moments cause only rotation about the corresponding 
?-inch, Fig. 22—Above—Basic methods of loading rubber are axes. With any other arrangement of mountings there 
ch, whi Star and compression. Rubber is practically incom- is the possibility of “coupled” vibrations occurring. This 


pressible, hence must b ( — . . . . . 
. e free to bulge as shown is the result of vibrational energy in one direction trans- 


too ge Tig, 23—Be] ferring to another direction, causing vibrations in a 
um 19: eg ste: types of shear mountings employing direction other than that of the disturbing force. Such 
er Sonded to channel or angle bars transfers may be transient but- they are not, on that 

account, any less troublesome. 

A system of mounting giving virtual center .of gravity 
support is widely used for powerplants in automobiles and 
aircraft. The chief disturbance here is the variation in 
torque reaction, and the mountings are applied so .as 
to afford torsional resilience about a longitudinal axis. 
By choosing the axis about which the moment of inertia 
is least, virtual center of gravity suspension.is attained. 

Radial engines in aircraft are supported from one side 
only, leaving the center of gravity overhung. However, 
the directional stiffmesses of the mountings in‘a “Dyna- 
focal” system, Fig. 19, provide center-of-gravity suspen- 
sion characteristics, the individual mountings being. .in- 
clined at a mathematically established angle so that they 
point toward a focal point just beyond the center of 
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gravity. Such a system is used on the B-29 bombers. 

Unit type mountings employ either steel or rubber 
springs. The installations in Figs. 18 and 20 use. steel 
springs, and details of two typical mountings are shown 
in Fig. 21. The unit employing steel springs alone has 
practically one hundred per cent resilience (no damping) 
and is therefore highly efficient as an isolator. It is 
designed for vertical thrust only. When slight lateral 
thrust must be absorbed and some damping is desired, 
the unit employing resilient material in addition to the 
spring, Fig. 21, often is preferred. For steel springs it 
is argued that the elasticity can be accurately controlled 
and will not change with time, while adjustments can be 
made after installation. 

Rubber springs are built into mounting units in a 
variety of ways. Depending on the application, the 
material may be stressed in shear or compression, Fig. 22. 
With shear loading larger deflections are possible while 
with compression loading heavy loads can be carried 
and the mounting can be made relatively stiff. 

Shear type mountings may be of tube or cylindrical 
form, as in Fig. 13, plate form, Fig. 14, or various forms 
of sandwiches. Two examples are shown in Fig. 23. 

Compression type mountings, being relatively stiff, are 
suitable for reducing transmission of high-frequency vibra- 

















SUPPORT ATTACHED TO 
CAR BODY UNDER FRAME 


COMPRESSION CUP TYPE 
SAFETY MOUNTING 


GENERATOR TRUNNION FRAME 















Fig. 24—Railroad car generator held by compression-cup 
rubber mountings so that noise is not transmitted to car 


tions which might result in noise. An application is 
shown in Fig. 24, which illustrates a compression-cup 
mounting used on the generator under a railroad car, 
the purpose being to prevent sounds originating in the 
generator from being transmitted to the car body. 

Certain forms of mountings can be applied either as 
shear or compression mountings. An example is the 
cylindrical type, an application of which is shown in 
Fig. 25, the mountings being employed to isolate police 
radio instruments from the shocks and vibrations of a 
motorcycle. In this case the weight of the equipment 
stresses the rubber in shear but transmitted forces may 
produce both shear and compression. 

In shear mountings, the rubber usually is bonded to 
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the metal by means of special adhesives, Mechanic 
adhesion, obtained by the pressure resulting from dis 
tortion of the rubber sleeve, is employed in some instances 
notably in Silentbloc mountings. By controlling the 
amount of distortion, which is obtained by squeezing ; 
separately molded rubber sleeve or biscuit into & met 
sleeve of smaller diameter and then using a tapered 
mandrel to expand the inner diameter, the amount of 
“grip” can be made sutticient to resist slip, 

Materials for rubber mountings may be of natural oy 
synthetic rubber, compounded to give any desired chy. 
acteristics such as elasticity, damping characteristics, heat 
and corrosion resistance, fatigue resistance, ete. In general, 
the synthetics have somewhat greater damping or intems 
friction. This would be an advantage in preventing the 








Fig. 25—Cylindrical type rubber mountings protect mote 
cycle police radio from vibrations and shocks 


building up of high amplitudes while operating throu 
the critical range, but of course continual operation i : 
a range requiring energy absorption would tend to ove 
heat the material. eit 
With the increasing importance of vibration and n0%§ op, 
control, it is becoming necessary for machine designes§ ¢p 
provide for suitable mountings in their original desigs§ ojp 
Too often the mountings have been added as an altt-B he 
thought, with results which may fall short of the ide 
Much can be done, too, in isolating vibrations withio 4 pp, 
machine, rather than depending on resilient mounting ft one 
the entire machine. An outstanding example of this 5H ig | 
the domestic refrigerator, the compressor of which 8%F the 

effectively isolated from the cabinet itself that n0 othe 
provision need be made. This principle might well b loa 
extended to many other types of machines. sul 
In addition to unit type mountings such as have bea mb 
discussed in this article, there are many materials whi Falk 
can be applied in the form of sheets, pads, slabs, et Of 
isolate vibration and noise. These will be di 4 nes: 
Part III of this series. othe 
Macuine Desicn acknowledges with appreciation the © apr 
operation of the following in the preparation of this am iid 
General Tire & Rubber Co.; The B. F. Goodrich Co.; ei i 
Products Co.; The Korfund Co. Inc. (Figs. 18, 20 and 3 = 
Lord Manufacturing Co. (Figs. 13, 14, 17 and 19); E. Lowe AD 
“y 









de Nemours & Co.; United States Rubber Co. ( Figs. 2% * 
24 and 25). 











MACHINE Desicn—September, " 







” 


s 


z throug 
eration it 
1 to over 





and noist 
signers t0 
| designs. 


Factors 


Influencing 
WEAR 


in Machines 


By D. Landau 


Industrial Applications Engineer 
The Nitralloy Corp. 


J 


Bm « are two principal ways in which wear occurs in metallic surfaces. 
The asperities of one of the surfaces either catch on the asperities of the 

other, or penetrate into the hollows ot the mating surface; particles of 
either, or both, of the surfaces are torn off when the surfaces slide away from 
one another. In the second method of wear the mating metals come into very 
close—molecular—contact owing to the high surface pressure, and a sort of in- 
cipient welding (galling) occurs. When such surfaces are separated they must 
be torn apart, with the particles of one adhering to the other, resulting in wear. 

Many attempts have been made to find some relation of wear to other 
Physical constants of the metals, but wear apparently is not controlled by any 
one property. When similar materials are compared, the chief criterion for wear 
is hardness. In some instances cold working, melting temperature, and even 
thermal conductivity are the factors which index wear. 


SuRFACE MELTING: In some cases it is possible to carry such high specific 
hads, together with a rate of surface rubbing speed, as will produce heating of 
sulficient magnitude to cause surface fusion or melting. A phonograph needle 
tubbing against a wax record may reach a temperature as high as 2000 degrees 
Fahr. (1)* at the immediate contact point where the needle touches the disk. 
Of course, the depth of this temperature is not more than a few molecules in thick- 
tess. Bowden and Ridler (2), using two metals which rubbed against one an- 
other and acted as a thermocouple, measured their surface temperature. By 
applying a flat disk of mild steel and a cylinder of constantan, and loading at the 
rate of 170 pounds per square inch at a surface speed of 36 feet per second, a 
temperature of 1000 degrees Cent. (1832 degrees Fahr.) was noted. In the 


u- article is ipased gn the author’s booklet “Wear— presence of a lubricant with a 
r: 0 e i 
(aiuencing Factors”, seunly pated ie ee eiralion surface speed of 32 feet per 


eR, : . 
References in parentheses are listed at end of article. second and the same loading 
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Fig. 1 — Above — Aircraft engine 
cylinder barrels are subject to 
severe wear conditions, including 
abrasion, erosion and corrosion 


Fig. 2—Below—Nonlubricated cast- 

iron specimen at left showed 260 

times faster wear than lubricated 

specimen at right which carried 
65 times as great a load 
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of 170 pounds per square inch, a temperature of 600 
degrees Cent. (1112 degrees Fahr.) was noted. 

It would appear that up to about 400 degrees Fahr. 
the temperature does not materially affect wear of ferrous 
alloys, but it does affect the medium in which wear takes 
place, especially the oil lubricant. Increased temperature 
thins the lubricant, oxidizes the wearing surfaces, and 
may even temper hard materials. When temperatures ex- 
ceed 400 degrees Fahr., coking of the oil may occur, 
while maintenance of a lubricant film becomes difficult. 


MOLECULAR ADHESION: It has been shown (3) that 
the attractive force of surface atoms is exceedingly power- 
ful for a distance-of 1 to 3 Angstrom units (1 A.U.= 107° 
meters). When surfaces approach within the range of 
these powerful forces they seize or weld. As a matter of 
fact, if the surfaces of bearings approached as close as 2 
to 3 Angstrom units, disaster would be encountered more 
often than now. Fortunately the presence of foreign mat- 
ter, as thin films of oxide, and even humidity, prevent 
this close wedlock of two metallic surfaces. Although the 
attractive molecular forces act on the foreign substance 
as they do on similar matter, the adhesion between dis- 
similar molecules is much less, so that the bond is never 
really as intimate as that required to cause molecular co- 
hesion. Yet it is believed that atomic attractive forces 
enter into the mechanism of wear and are the cause in 
part, at least, of galling. This would lead to the conclu- 
sion that if the surfaces were extremely hard the chance 
of seizing and galling would be reduced, which is partly 
borne out by experience. 

SPECIFIC PREssURES, LUBRICANT AND WEAR: Jominy 
(4) studied the effect of lubricant and wear on cast iron. 
Specimen A, Fig. 2, was run on a wear test machine by 
gradually increasing the load on the same bar of cast iron. 
When a specific pressure of 72 pounds per square inch 
was reached with no lubricant, the load was run for 10 
minutes. Specimen B was run by gradually increasing 
the load to 4800 pounds per square inch, and operated 
for 17% hours under this load using a light lubricant. The 
rate of wear of the nonlubricated specimen A was 260 











Fig. 3—Left—Greatest 
wear on engine cylin- 
ders occurs opposite 
top ring when piston 
is in top position 





Fig. 4 — Right — 
Successive events dur- 
ing the action of the oil 
wedge in enlarging a 
fatigue crack, accord- 
ing to Way’s hypothesis 


times faster than on B in spite of the fact that the load on 
B was 65 times greater than on A. The resulting surface 
effect is easily seen in the two parts. When extreme pres- 
sure-lubricants are added to the oil, it is claimed that 
loads ten times greater, or even more, can be carried by 
steel surfaces without scoring. Such addition agents are 
employed in auto differentials because of high pressures. 
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WEAR PHENOMENA: Since galling occurs due to weld. § 
ing and fusion, certain methods suggest themselves asa W 
means of preventing galling. The first and the most ¥ 
logical would be, of course, to use mated materials which | * 
have no tendency to weld as, for example, steel and lead, 
The use of materials with widely separated melting points 
does not necessarily give assurance against seizure hoy. | ™ 
ever, for if the lower melting material “wets” the othe, # ™ 
welding may still occur. Ei 

Another method of preventing galling consists of in- fo 
troducing a third agent or substance preventing metal-to. ha 
metal contact between the rubbing surfaces. For example, 
we may introduce graphite or treat the surfaces chem. § © 
ically. To overcome galling in cast iron various chemic:| | © 
processes have been employed, a few of which are: Ferro. al 
tox, Ferrox, Bonderizing and Granadizing. Granadizing * 
has been extensively used for piston rings, valve tappets de 
and cam shafts. Te 





Ideal Combination To Resist Galling 


Experiments have shown that an ideal combination to 
resist galling would be two high melting temperature 
metals having a reasonably separated melting-point dif- 
ference, provided the metals are immiscible in the molten 
state and the one with the lower melting point has a high 
thermal conductivity and zood chemical stability at high 


temperature. Such a pair of metals is steel and silve. § 
As a matter of fact this combination has been used for wi 
bearings in aircraft engines for a long time. This com- ” 
bination has been superseded by plating the silver surface 
with indium. rs 
Scoring, or pitting in spiral bevel gears, according to 
Almen and Boegehold (5), does not occur when the ‘ 
product of the tooth pressure in pounds per square inch - 
times the velocity of travel of the tooth in feet per second f 
is 1,500,000 or less; however, when the product of these . 
two values is 1,800,000 or over, scoring is quite commo po 
when mineral oil is used. This assumes a file-hard su- a 
face for both gears. ine 
Frettinc: A form of corrosion-wear believed by some im 


to be due to internal friction activated by vibration, and om 
usually found under a press-fitted part where high stress | 
exist, has been called fretting. It may occur when the 
assembled parts are or are not in visible motion (6). Ther 
must, however, be a small amount of movement bela 
the surfaces, and this small play gives rise to galling a J) 

. ; . . : ee i ° H rust. y 
tearing of tiny particles which oxidize, resulting in ™ 
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The English named this type of wear “fretting corrosion. : 
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sachs called it “chafing” (7). Fretting occurs at surfaces 


ak which are considered practically fixed in relation to one 
“ me another as press fits, such as a ball race in a housing, a 
; which keyed-on gear on a shaft, etc. Oil does not prevent 
d leag fretting corrosion even if it modifies the effect. 
; point Fretting trouble has been found on knuckle-pin bores of 
a how. master connecting rods of the solid or one-piece type, the 
. other, same malady extending to the knuckle pins themselves. 
’E Even force and shrink-fitted surfaces are subject to this 
of jp. form of wear. On dismantling a surface in which fretting 
ctal-to. has taken place, the shapes of the damaged areas of the 
cample parts are found to be almost identical, and a brown slime 
divs composed of oxide debris and lubricant often is found at 
hemical 4 the junction of the surfaces. When fretting takes place in 
Ferro. | luminum or magnesium alloys, the oxides usually appear 
adizing J dark powder. The production of this powder is evi- 
tappet dence that surface roughening and galling has occurred. 
To prevent galling and to distribute the clamping stresses 
afibef, leather, or even a paper bushing frequently is used 
where such can be applied. Better still, a soft metal 
which itself is not oxidizable, as, for example, silver, may 
be electroplated on the surface, and this has sometimes 
— eliminated the trouble. 
erature 
ped Fretting Starts with Slip 
» . The curious fact concerning fretting is that its origin 
silver, Seems to be due to a slight motion, since no fretting occurs 


sed for § When the part is absolutely at rest. The effect reduces 
so itself finally to wear, and this particular form of wear com- 
surface | ences its cycle by vibration... Strange to say, however, 
neither vibration alone nor alternating stresses will cause 
this sort of wear destruction. To produce fretting phe- 


ding to 

en the | MOmena, it seems necessary to have a surface-sliding or 
re inch slip; this slip is the essential starting point. 

secon| | ‘lt is claimed that fretting corrosion has been observed 


f thee | fittings subjected to pressures from as low as 6000 
pounds per square inch to as much as 52,000 pounds per 












ommon 
2 su | “Ware inch. Fretting-wear results from exceedingly 
small amounts of slip of the order of 5 x 10-8 or 5 x 10° 
- inches (.05 to .005 micro-inches). Such displacements 
<a are from a maximum of four to a minimum of less than 
pen one-half times the atomic dimensions. 
ven the CuemicaL Errects: It is known that the resistance to 
Thee § Wear may be modified, for better or worse, by chemical 
tween @ actions occurring in the medium in which the frictional 
ng and part operates. These chemical reactions may be induced 
n rust by the temperature rise of the part due to the friction re- 
» | sulting from its motion. 





The atmosphere or medium in which the rubbing parts 
operate also will determine their rate of wear. In some 
tests made by Jominy (4), carbon dioxide was bubbled 
through hot water and released in front of a wear test 
Specimen. He reports that wear was accelerated to eight 
times as much as when no carbon dioxide was used. Even 
When the specimen was copiously lubricated with oil, de- 
cided rusting occurred. 

Schottky and Hiltenkamp (8) found that steel may be 
nitrided by the action of the air and produce a brittle layer 
Which breaks off, thus increasing the wear. On the other 

» it has been found that an oxide formed on steel 
Was a protection against wear (9). S. Masuhiro (10) 
showed that a thin film formed by cold working and oxi- 
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dation improved the wear resistance of cast iron. The 
effect of high temperatures which facilitate oxidation will 
have a powerful influence on wear, for better or worse, 
depending on the properties of the oxide, etc., formed. 

CYLINDER AND Piston Wear: This form of wear has 
been given more consideration perhaps than any other 
two things in automotive engineering. Fig. 3 shows the 
usual wear on cylinders. The greatest wear occurs at 
the top end of the piston travel under the topmost ring, 
and decreases from there down. It was shown by 
Roensch, in a paper before the S.A.E. in January, 1937, 
that this type of cylinder wear could be ascribed to three 
causes, namely: Abrasion due to foreign matter inthe 
oil film; erosion due to metal-to-metal contact between the 
cylinder wall on the one hand, and the piston and rings 
on the other; and corrosion which results from chemical 
action on the cylinder walls by the products of combustion. 
The order of importance of the three causes varies with 
the condition of the operation. 

The most extensive research on cylinder wear was 





Fig. 5—Radial aircraft engine reduction gear emplo >, 
nitrided ring gear and carburized pinions and sun gear. 
Each pinion transmits 80 horsepower at take-off, with 
tooth contact pressure 120,000 pounds per square inch 


carried out by Williams (11). The tests were made on a 
single-cylinder engine in order to isolate the conditions 
which produce wear. If the engine operated with cold 
jacket-water, wear at once increased. Operating at 50 
degrees Cent. he found the wear was eight times that 
when the water was 100 degrees Cent. This led him to 
conclude that cylinder wear was largely a question of cor- 
rosion so that, when the cooling water temperature was 
low enough, the moisture formed by the combustion of 
the fuel condensed on the cylinder walls, and as this mois- 
ture contained carbon dioxide, and probably some sulphur 
dioxide, the cylinder wall was corroded. The products 
of corrosion thus produced were scraped off by the piston 
ring, so that they were not found on the wall when the 
engine was torn down. 

Williams proved his explanation of the cause of wear 
by driving an engine without firing, and running through 
it a mixture of air, steam and carbon dioxide. Under 
these conditions he found wear similar to that obtained 
by firing the engine. A rather peculiar result is this: An 
attempt to make cylinders and piston rings from stainless 
materials has not decreased the wear appreciably. 

While stainless materials have not greatly changed the 
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wear of cylinder liners, experience has shown that in- 
creasing the hardness of cylinder walls increases the wear 
resistance. The General Motors corporation has found 
that a cylinder wall hardness of 500 brinell or more has 
given in all cases increased wear resistance as compared 
to that obtained with softer cylinder irons (4). 

The Forging and Casting corporation reports that Nitri- 
castiron cylinder liners with brinell hardness of 1000 have 
shown wear of only .0018-inch after 110,000 miles of 
service. It also is claimed that such liners will have an 
average life of from 300,000 to 400,000 miles. 

Nitrided Nitralloy cylinders, delivering over 130 brake 
horsepower per cylinder, are in use on many of the biggest 
radial air-cooled engines. Their remarkable resistance to 
corrosion from the acid-bearing moisture accounts, among 
other characteristics, tor their extreme longevity. These 
cylinders, shown in Fig. 1, are nitrided and have a sur- 
face hardness of 900-1000 brinell, and a core strength of 
probably 125,000 pounds per square inch. 

Work HarpDeENING: It is'a curious anomaly that work 
hardening encountered in the phenomena of wear helps to 
decrease wear. Thus in gear teeth, work hardening may 





Fig. 6—Thin sections make heat treatment difficult for 
plate type cam and driving gear on radial aircraft engine 


increase the tensile strength of soft alloys like aluminum 
to more than double the virgin metal strength. Again, if 
a nitrided Nitralloy gear is mated with, say, a carburized 
gear, it has been found that this increases the life of the 
carburized gear. In fact, in many instances, the stresses 
on such cold-worked carburized gears may be increased 
to higher values than the ultimate strength of the material 
in its original condition. 


Gear Pirtinc: Gear pitting has been studied by many 
engineers, research institutions, and colleges. The work 
which is under investigation by Dr. Stewart Way of the 
Westinghouse Research Laboratories (12, 13), promises 
much in explaining the cause of gear-pitting phenomena. 
Briefly this report seems to show that pitting results from 
the formation and growth of cracks. These cracks begin 
as surface layer cracks, the thickness of the layer being 
less than .001-inch. 

Pitting, it is shown, cannot be produced without the 
presence of oil, and if oil is added to a pair of rollers that 
have been run dry at a load about the pitting point for 
several million cycles, pitting will occur in a few hundred 
thousand additional revolutions. Here is the explanation 
given by Dr. Way as to how pitting starts and continues: 

“Stresses near the surface irregularities may give rise to 
fatigue cracks in an extremely thin surface layer. Pre- 
sumably these cracks would start in rollers run without oil 
as well as those run in oil. We have to explain why they 
suddenly begin to grow in an oblique direction when oil 
is added, and why this direction is always the same with 
respect to the direction of rolling. 

“These events can be explained if we suppose that the 
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primary failure consists of very small cracks, either hori. 
zontal beneath the surface, or inclined to the surface, and 
that the entrance of the oil into the cracks js responsible 
for their growth. 

“Consider what happens when the oil enters an oblique 
crack. The series of events is pictured in Fig. 4. The g. 
tremely high pressure developed in the oil in the crag 
probably would result in the crack being driven deeper 
into the metal. 

“The condition for the growth of a crack on this ly. 
pothesis is that it slopes in the same direction as the dire. 
tion of rolling, which is precisely the direction taken by 
the pitting cracks. A crack sloping in the opposite dire. 
tion would simply have the oil forced out of it as it passed 
under the contact area without developing any high ten 
sile stress at the end of the crack.” 


GraRS FOR AIRCRAFT ENGINES: In an article on the 
“Manufacture of Aircraft Gears” (14), some interesting 
data are furnished on Nitralloy gears used on aircraft ep 
gines. One of the points brought to light is that the su- 
face hardness of Nitralloy gears does not drop after a 
brief service as frequently happens with a carburized 
case. This observation may explain why carburized gears 
working against nitrided gears show increased endurance. 
This increase is believed to be due to the cold working 
of the carburized gear against the harder nitrided gear. 

Nitralloy steel gears have many great advantages for 
production of aircraft engine gears aside from questions 
of high pitting resistance. One of these advantages is 
that its use makes possible surface hardening of the teeth 
of large gears and of light section which would be utterly 
impossible to carburize and quench, Fig. 6. 

According to Rasmussen (15) the ability of the su- 
faces of gear teeth to resist surface wear is dependent 
upon the surface fatigue limit of the material, the respec 
tive curvatures of the mating teeth, and the relative hari- 
ness of the mating surfaces. Hertzian stresses of 350,000 
pouna. ser square inch on nitrided gears have been tt 
ported, but the author does not believe these values are 
representative of the true stresses. 
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ga by aircraft re- 
quirements, recent developments 

_ in built-in motor control units 
have made possible precise control of 
fractional horsepower motor operation 
with a package unit completely tailored 
0 the application. These assemblies 
often are no larger than the motor itself 
had been previously. In Part I, motion 
waned was discussed. This included 
built-in governors, variable-speed trans- 
mission clutches, brakes and limit 
switches. In the present article will be 
covered motion modification, protection 
and indication. 

Car Units: In many motor appli- 
Cations the speed of the basic motor does 
not conform to every drive requirement 
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Fig. 9—Gearmotor with slip 
clutch drives motion picture 
camera. Slip clutch allows 
threading of film without 
damaging worm gear 


Motor-Control Units 


Facilitate Design 


By William H. Fromm 


The Dumore Co. 


Part II—Motion Modification, Protection and Indication 


and must be modified, usually reduced, to meet specifications. To this 
end a large variety of integral speed reducers has been developed. Per- 
haps the simplest and commonest type of gearing used is the straight spur, 
which can be employed in single or multiple stages to provide ratios of from 
slightly more than unity to several hundred to one. These gears are ex- 
tremely efficient but, when made of metal for heavy torque transmission, 
are rather noisy. Gears of laminated synthetics are frequently used to re- 
duce noise. Helical gears, also, are inherently more quiet than the spur type. 

For equipment where higher ratios are required such as in Fig. 9, worm 
gearing is employed. With two stages it is possible to obtain ratios up to 
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1000 to 1, or even higher. Worm gears are quiet but rel- 
atively inefficient and usually are used only when heavy 
torques are not involved. The axial thrust produced by 
the interaction of the worm and gear must be absorbed 
by end thrust bearings, Fig. 10. Output shaft of a worm 
gear unit may be either parallel to or at right angles with 
the input shaft. 

Planetary gearing is the third of the trio of most familiar 
types. Extremely high ratios can be achieved within a 
relatively small space and efficiencies are high. This 





Fig. 10—Cutaway of single-reduction worm-gear unit 
with thrust bearing and phenolic gear for quiet operation 


type of gearing, however, is fairly expensive. The output 
shaft is usually parallel to and concentric with the input 
shaft. 

There are many other gear types such as bevel gears, 
heliocentric gears and herringbone gears, each with its 
own particular function or advantage. Their common 
purpose is to modify the motion of the motor so it can be 
employed to best advantage. Use on motors of all sizes 
has been growing and will doubtless spread. Gearing 
has been particularly useful in connection with small air- 
craft motors where the armature speed is raised to high 
levels to afford weight reduction. This experience has 
established certain optimum speeds, approximately in the 
range of 7500 to 10,000 revolutions per minute, beyond 
which the weight of the gearing exceeds any saving 
which may be created by increasing the speed of the arm- 
ature. 

Actuators: Where machines require linear motion a 
means must be found to translate the rotary motion of 
the motor. The simplest means, widely used on aircraft 
equipment, is the screwjack, Figs. 11 and 12. It consists 
essentially of a long screw, keyed to prevent it from turn- 
ing, which is driven by a rotating nut. A converse ar- 
rangement is a rotating screw driving a travelling nut. 
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Tremendous forces can be obtained through SCrewjaqy 
from relatively small motors. The speed of Movement ; 
determined by the lead of the threads. : 

The crank is another kind of motion modifier. Line 
motion can be produced readily by mounting a bel] ied 
on the output shaft of a high-ratio motor-reduction yj 
rotating through an arc of something less than 369 de 
grees. The length of travel is necessarily more limi 
than that of the screwjack. Furthermore the amount 
gearing necessary to produce the requisite slow motio, 
the gear shaft usually requires more space and ig heayj 
than an equivalent screwjack. Simpler construction aj 
perhaps, lower cost are the significant advantages of tj 
bell crank. 

On aircraft equipment such as cowl flaps, retractahj 
landing gear and bomb doors where heavy pressures an} 
short travel distances are involved the efficacy of sx 
actuators is obvious. Machine designers will recogni] 
corresponding requirements in such devices as door ¢ 
erators, valves and a host of special machines. The po 
sibilities of linear-actuator applications will reach into 4 
most every field of design. 

The actuators mentioned in the foregoing are mere 
representative of the great variety of motion modifi 
available and in development to satisfy the exact need 
of particular machines: 


Protection 


Because replacement of a motor involves trouble, ix 
convenience and expense, there naturally has grow: 
strong demand for protecting motors from abuse, we: 












Photo, courtesy Lockheed Aircroft, Com 


Fig. 11—Cowl flap actuator utilizes series motor and st? 
jack to obtain linear motion 


pected overloads, and jams due to failure of other pat 
This demand is particularly strong in connection with # 
craft applications where the failure of a motor endangt 
or prevents continued fight. Should gun fire damage 
mechanism on military aircraft and cause it to j= ; 
important that the motor be protected against burning } 
when it attempts to operate and stalls. Several Pe 
remarkably compact protective devices are incorporé 
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SCrewjadil current designs as built-in motor features, greatly increas- 
hovement iff ing the scope of their application. 

Fuses: The simplest type of protection is the fuse, but 
the usefulness of this is of an emergency nature since fuses 
tell cra have very slight thermal or time-delay characteristics. 

Frequently, however, they are used in conjunction with 
P "% ermal protectors to prevent burnout of heater coils. 
ore ln Fuses may be installed in accessible portions of motors 
pend but are more generally connected remotely for conven- 
ence in replacement. 


1 is hear 
uction ap THERMAL Protectors: One of the surest methods of 
ages of ig preventing burnouts is to have a temperature-sensitive ele- 


ment, Fig. 13, built into the motor and to cause it to ac- 
retractabi! tuate a switch in the motor circuit. An application of this 
essures anf type is illustrated in Fig. 14. Such elements ordinarily 
cy of sui ae bimetallic pieces which bend or snap as the tempera- 
| recom ture changes, opening and closing the circuit according to 
s door oof the direction of change. In addition to sensing the tem- 
The po perature of the motor these protectors frequently have a 
ch into J heater coil carrying motor current, so that the bimetal will 
respond quickly to stalls or heavy overloads and more 
are meri slowly to lighter overloads. Should the motor current in- 
1 modife crease with increased load, and the temperature of the 
xact nee motor frame and of the heater coil rise to dangerous 
values, the bimetal moves far enough to open the motor 
circuit. Sufficient time delay is inherent in the bimetallic 
element to prevent tripping on high inrush starting cur- 
rents. 
Thermal protectors are either the manual or automatic 


rouble, in 
; grown ag feset type, the former keeping the motor off the line until 
use, me ‘he Operator presses the reset button, and the latter clos- 
ing the motor circuit as soon as the temperature has 
dropped to safe levels. Both have their uses and selec- 
tion is determined by whether or not, in the interests of 
ey safety or similar considerations, it is desired to exercise 


an 


supervision over restarting. One small protector widely 
wed in aircraft motors makes use of a bimetallic disk 
& which is concave in one direction when cold and snaps to 
the opposite position when hot. The disk itself is used 
as one of the switch contacts. 

The design of bimetallic elements and heater coils must 
be carefully based on the requirements of each applica- 
tion. Consideration must be given to such factors as fre- 
quency of operation, ambient temperatures, amount of 
safety factor which can be designed into the motor, and 
lmportance of avoiding unnecessary tripping. Surpris- 
ingly stringent requirements can be met. For example, 
| Protectors on aircraft motors must function properly in 
lemperatures ranging from —65 degrees to 160 degrees 
and in many cases must protect a motor stalled continu- 
ously for several hours. 

Thermal protectors on postwar appliance motors will 
greatly increase sales appeal. Upkeep costs will be sub- 
stantially reduced by the prevention of burnouts which 
her pats otherwise might be caused by failure of other parts of the 
with a device. The prewar use of protectors on refrigerator, 
andanges washing machine and oil burner motors unquestionably 
Jamage will expand to a wider postwar use of protector devices 
jam it’ Mi ipany other machines where temperature may be used 
ing © ° initiate a control function. 





Sur Cuurcres: A mechanical protector, the friction 
ora clutch is designed to slip at a predetermined torque. Nor- 
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mally it consists of two plates held together by a spring. 
The amount of spring tension, which can be made ad- 
justable, determines the maximum torque which can be 
transmitted before the plates slip to limit the load a motor 
will carry and hence the current drawn. By the same 
token this prevents excessive torques from being applied 
to the driven machine and thus protects it from damage. 
Slip clutch disadvantages are wear, spring fatigue (and 
consequent change in setting) inability to protect the 
motor from light overloads of long duration, and lack of 
thermal sensitivity. 

Slip clutches have been applied effectively in military 
equipment and will have practical benefit to offer postwar 
machines. One outstanding application is its use in a 





Photo, courtesy Penn Switch Co. 


Fig. 12—Control for aircraft screw-jack actuator has ~ 
thermal element to control position of unit 


small motion picture camera motor, Fig. 1, primarily to 
protect the delicate parts of the camera mechanism. In 
another case slip clutches have been applied effectively to 
prevent shock loads on motors from driving up against 


It 

















positive stops. Analysis of the potentialities of the slip 
clutch will reveal many other methods of utilization. 


Indication 


Position INDICATION: On certain types of applica- 
tions where the driven member must be moved to various 
positions, it is desirable or even essential that the opera- 
tor have constant knowledge of the exact position. If the 
driven member is out of sight some sort of indicator is 
needed; prime examples at present are the cowl flaps and 
oil-cooler exit flaps of the modern military airplane. The 
position of these flaps determines the amount of cooling 
air passing over the engine or through the oil cooler. 
Knowing that a certain setting of the flaps is correct for 
a given set of flying conditions the pilot can establish that 
setting by pressing the pushbutton which controls the flap 
motor and by keeping the motors in operation until his 
instrument panel indication shows that proper flap posi- 
tion has been reached. 

Motors are now being produced with built-in means of 
indication, and position may be mechanically or elec- 
trically indicated. Perhaps the simplest mechanicdl 
means is a také-off shaft geared to the output shaft and 
connected to a dial indicator by a flexible shaft. Obvi- 
ously there are practical limitations on the distance be- 
tween motor and indicator, and a mechanical system 





Photo, courtesy Spencer Thermostat Co. 


Fig. 13—Automatic reset thermal overload unit to protect 
motor windings against overheating 


places additional frictional load on the motor as well, par- 
ticularly at low temperatures. The more flexible and 
lighter of the two systems is the electrical. One version 
has a small potentiometer or a rheostat built into the 
motor with the moving contact geared to the output shaft. 
A remotely located instrument of the ammeter type is con- 
nected in series with the rheostat, or one of the voltmeter 
type may be connected across the potentiometer. As the 
output shaft turns and the driven member moves, the cur- 
rent or the voltage in the indicator circuit is. varied pro- 
portionally. This variation is translated into movement 
of the indicator needle to register mechanism position on 
a dial. 

Where motion or position indication can be used in 
peacetime is a question machine designers and motor man- 
ufacturers can answer cooperatively—perhaps on control 
equipment for ships, on valves, on furnace damper or 
ventilation louver actuators. 
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SPEED INDICATION: Many machines, to be used to best 
advantage, must be operated at their optimum speeds fo 
given conditions. The operator therefore must know tp 
within close limits the number of revolutions Per minute 
or feet per second or pieces per hour at which the devigg 
is performing. The widely used tachometer is now being 
built into the driving motor to provide Continuous jp. 
telligence of operation. Professional motion Picture cam. 
eras are, for obvious reasons, equipped with speed-indi. 
cating devices. Various kinds of machine tools employ 
this type of indication as well. ; 

Mechanical operation of rate indicators is most prac- 














Photo, courtesy McQuay In. 


Fig. 14—Aircraft blower unit utilizes built-in thermal 
overload protector 


tical. With the instrument mounted on the motor, direct 
shaft connection is possible; for remote indication a f- 
ible shaft is suitable, with a take-off shaft provided m 
the motor. A tachometer installation in conjunction wit 
rheostat control would make an excellent arrangement 0 
a high-speed precision drill press where drilling speeds 
must be closely coordinated to the size of drill and typed 
material. 





Counters: Finally, there is the type of indicatim 
which shows the number of operations or pieces pi? 
duced. The simple type of mechanical counter is ft 
quenily installed as part of the motor drive. For remit 
indication a cam or trip on the motor actuates a lever 
rod which advances the counter. The variety of applice 
tions for counters is virtually unlimited and many 
examples will suggest themselves upon brief consider 
tion. The counting of operations or pieces can alo fe 
accomplished electrically, through photoelectric - i 
example; and this concept may be projected to 
recording of permanent visual records. 

The foregoing discussions have been concemed aah 
with those types of accessory equipment now being * 
corporated in fractional horsepower motors. Howett 
the field of application is so broad, wartime developmett 
so prolific and the flexibility and versatility of small moto 
so great that the variety of controls, modifiers, prone 
and indicators will inevitably and speedily be 
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Bearing 


Life 





By John W. Greve 


Part I—Piston Valves 


become a necessary refinement for many 

types of machines, especially in the 
medium and heavy fields. Emphasis on the 
necessity for fast and continuous production, 
as well as on the high costs of shutdowns for 
maintenance, has added significance to the 
possibilities of lubrication systems for giving 
longer hours of uninterrupted operation. Also, 
today’s manpower situation and overburdened 
maintenance crews have attracted increased 
attention to the advantages of automatic lubri- 


Brn a neve lubrication systems have 





cation. 

Few machines that are designed for long 
life would not be benefited by such a system. 
Three bearings would justify centralized 
lubrication. Where there are more bearings, 
where some are inaccessible, where direct 
manual Jubrication would require a shutdown 
o where sufficient lubrication is absolutely 
essential at all times, the need for a centralized 
‘ystem becomes even more apparent. 

Costs for centralized lubrication, including 
‘quipment and installation, usually are one 
o two per cent of the value of the machine. 
Installation cost about equals that of the equip- 
ment. In smaller machines, total costs may 
tun as high as five per cent. Industrial equip- 
ment, bottling machines, food processing ma- 
chines, cranes, textile machinery, machine 
tools and presses are typical of the machines 
that utilize centralized systems such as shown 


MACHINE DeEsicN—September, 1944 113 


Lubrication Insures 








































Fig. 1—Centralized system on a milling machine supplies all bearings 
with a measured amount of lubricant at definite intervals assuring 
maximum life and performance of machine 


Fig. 2—Valve sizing chart based on four-hour operation with grease 
or two-hour operation with oil for average bearing conditions. If 
operation is more frequent capacity of valve may be decreased slightly 


7 


Fluid oz 
ite & oa 


ww 


5 = 


t per inch bearing length ( 
D : : ~ 
S a) 


D> 
d 


TIC Al 


S 
WG 


h 
4 


lu 
























in Fig. 1. Consumer goods and other types of machines that are 
engineered to perform for a limited number of hours at an established 
cost in a competitive market or have limitations as to weight or size 
requirements, do not benefit from centralized systems. Instead it has 
been preferable to take precautions in the design of bearings to provide 
tor reasonable life. Sealed-librication bearings and so-called oilless 
bearings are particularly suited to such applications. Aircraft installations 
also are limited chiefly because auxiliary equipment carries a high 
premium and because it is necessary in any case for a crew to service 
a plane carefully after each flight. At that time lubrication is more 
satisfactorily performed from ground equipment. This is also generally 
true of the automobile. 


Delivers Definite Quantity to Each Bearing 


Centralized lubrication systems as covered in this discussion include 
those systems for metering a definite quantity of oil or grease from a 
central reservoir to remote bearings at intervals, operated either manually 
or automatically. Circulating splash or bath systems will not be dis- 
cussed although they have advantages where applicable and effect the 
optimum in lubrication. They are particularly useful where circulating 
oil may be employed to dissipate bearing heat. Such systems, however, 
are expensive and become prohibitive for remote bearings as far as cost 
is concerned. For these remote bearings, centralized lubrication systems 
of the types discussed in this article were developed. 

Oil is the best lubricant known and may be used in all of the systems 
discussed. For many, oil or grease is optional. Oil is necessary for 
high-speed operation but is more expensive because feeding is more 


Fig. 3—Manual operation for centralized system on a punch press 
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Fig. 4—Two-line tyre of displacemeiq” 


valve in which sliding spool reverse 
direction of valve operation 


frequent. Grease, having a filler a: 
body for the oil, is used for many appl 
cations, however, because it is easier ! 
control, is easier to handle, is cleave 
and excludes foreign particles from bet 
ings by virtue of its solid nature. 
on the other hand has an affinity / 
abrasive and dirt particles and mit 
possibly carry them into a bearing di 
leaving the lubricator valve. 
Grease remains in a bearing for la 
periods and, for that reason, is “ 
ularly adapted to hand systems. Nam 
ally, antifriction bearings are Jubii! 
with grease. Protection against * 
loading is necessary, however, requm™ 
a safety device to prevent overheat 
or blowing out seals. Such beati® 
should not be over two-thirds full 
Grease is necessary for elevated te 
peratures, but extreme temperatults® 
cessitate the use of oil because 
would cake. For such applications, sd 
filter oil is used to prevent carbon 
For heavy loads and slow speeds gr 
is preferred. Sometimes, however, 
necessary to employ graphite. The 0 
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mercial grade of graphite flake has 
abrasive action harmful to lubricator 
parts, and premature wear of pumps 
would result from use of graphite unless 
the electrolytic grade is employed. 
Quantity of lubrication per bearing 
depends upon the lubricant, type of bear- 
ing and kind of service as well as the 
hequency of application, bearing size 
and journal speed. Each manufacturer’s 
valves are available in sizes to deliver 
the quantity of lubricant desired. After 
the requirements for each bearing are 
determined, valves and pumping capac- 
ily are selected to suit the needs. In 
fig. 2 are shown average requirements 
for bearings under normal conditions. 
This chart is based on manual systems 
for grease lubrication every four hours 
of operation or for oil lubrication every 
wo hours. If more frequent operation 
i desired or automatic operation is em- 
ployed, one size smaller valve or pos- 
‘bly swo sizes smaller may: be used. 
Quantity of lubricant shown in the chart 
for each inch of bearing length. 
3 For slides or other flat surfaces requir- 
ing lubrication, the surface area in square 
inches to be lubricated by each valve 
may be multiplied by .001 to obtain 
valve Capacity required in fluid ounces. 
In the selection of a lubrication sys- 
tem it is essential to apply one in keeping 
with the requirements of the machine. 
P early as possible in the design stages 
"e system should be selected and pro- 
“sions made for its incorporation. As 
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fig. 5—Full automatic centralized lubrication applied to a forging machine. 
Motor-operated, time-clock controlled system lubricates fifty-five points 


with other commercial parts it is better 
to design for utilization of equipment 
that is standard, resulting in improved 
appearance and considerable reduction 
in cost. Fundamental requirements of 
any lubrication system are: 


Dependable operation 

Long life consistent with design 

of machine 

8. Proper measurement of lubricant 
to each individual bearing 

4. Capability of handling lubricant 
best suited to bearing require- 
ments 

5. Clean lubricant supply to bearing, 
free of contamination 

6. Simple design consistent with ap- 

plication 

Reasonable equipment and _in- 

stallation costs. 


ee 


Generally the simplest design which 
effectively and dependably supplies 
proper lubrication to all bearings is the 
best to use. Methods of operation vary 
from manual pump to automatic pumps 
with interval timers. The latter systems 
may be interlocked with the operation 
of the machine through its electrical controls in such a manner that, if the 
pump does not operate and causes lubrication failure, the machine shuts 
down. Further refinements may include thermal elements on critical bear- 
ings to indicate warnings if overheating should be encountered. Basic 
methods of operation include: 





1. Manual 
2. Direct drive or power take-off by cam, ratchet, etc. 
3. Independent motor drive, pushbutton operated or timer control. 


Manual operation employs a hand pump which is used to build up 
sufficient pressure in the lubricativun lines until indication is obtained that 
all bearings have received oil or grease through their measuring valves. 
The pressure is then relieved and the system set for the next cycle. Any 
number of bearings within a reasonable area may be connected to one 
manual pumping unit. This system genera!Jy is employed on machines re- 
quiring constant attention during operation and lubrication only once or 
twice each shift. Punch presses, Fig. 3, are typical of such an application. 
The human element requiring that an operator or maintenance man service 
the machine periodically is not in this case considered a disadvantage. 

If more bearings are connected to a system than can conveniently be 
handled by a manual system without undue effort on the pump, a push- 


Fig. 6—Detail of valve operation for a single-line, reversing system 












SLIDING 
VALVE 


PRIMARY 
PISTON 


MAIN 
PISTON 


MEASURED 
QUANTITY 
READY FOR 
DISCHARGE 


SLIDING 
VALVE 


OUTLETS 

















\ 
\ 
SEAS. SR Ss ee 


f PA. NR. EM 


NTERMEDIATE 


% % 


SSI = 


a a 


Af (/ / 
44, Z 
J / 


fA 


utilized. 


circuit to preclude operation in event of lubrication failure. 

Centralized systems may be classified according to 
the type of metering valve employed. Three types have 
been developed commercially. Each has its advantages 
and certain limitations for specific applications. They are: 


1. Piston displacement 

a. Dual flow 

b. Reversing 

c. Mechanical 

d. Leakage path 

e. Spring return 
2. Box oiler or mechanical lubricator 
8. Resistance or restricted orifice. 


Either oil or grease is suitable for use in most piston- 
displacement types of valve. The other two types are 
chiefly restricted to use of oil. In all the systems, a 
predetermined quantity of lubrication must be delivered 
to each bearing, regardless of the condition or location of 
the bearing, and this delivery must be made independently 
of all other bearings. Any system’s ability to do this is 
a measure of its effectiveness for a given application. Be- 
cause of the large number of designs available, this 
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button system with a motor-operated pump, or an automatic system is 
Direct drive or power take-ott for pump operation is employed 
frequently as an economical method. Cam, ratchet, gear or other methods 
may be utilized depending on the type of lubricator. Another method 
employing independent-motor drive in conjunction with timers, either 
electrical or contact type controlled by the machine, is applicable to the 
highly automatic systems. These are interlocked with the main machine 







Fig. 7—Left—Proportioning type of yn 
serving six bearings from single 


— 


Fig. 8—Below—Single-line tyre of yo 
which does not require reversing tj 
pressure in the line. Operation depend 
on leakage past the piston and ¢ 
differential areas 















article will discuss briefly only a few types of valves 
indicate the general principles involved. The discuss! 
will not be concerned with pumps and their controls, ti | 
problems being common regardless of the type of val 
utilized. 

The dual-flow system, developed by Farval, is a pis! 
displacement type having the advantages of parallel 
ation for each valve with positive indication of opera!” 
at each bearing. Each valve serving one bearing has 
two moving parts, a piston and spool. Quantity ofa 
metered is adjustable to meet varying conditions by sett 
the stem height on each valve. A cross section of 
valve is shown in Fig. 4. Possible disadvantages of 
system include increased pipe-line length for some app’ 
tions and involved procedure in checking operatio®® 
remote bearings or a large number of bearings. 

In operation the valve in Fig. 4 is connected to 
pressure lines, one to the port above the spool ; 
one below the spool. In the position shown, lub £ 
is under pressure on the top line forcing the pisto dom 
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'yPe of vail ad by admitting pressure through the upper transverse 
Single lig coe, During this downward action of the piston the 
lubricant in the cylinder below the piston is 
ing through the lower transverse passage and through 
the dotted vertical passage into the bearing opening at 

the bottom of the valve. 

The next cycle applies pressure on the lower line, 
vee of yar§ moving both the spool and piston upward. This delivers 
versing thgthe measured quantity of lubricant above the piston 
ion depend§ijrough the upper transverse passage and, the spool 
on and ofiwving opened the ports between this passage and the 
; vertical passage, lubricant again ‘is fed to the bearing. 
Indication of each operation is visible by movement 
the stem to the extreme of its travel. Change in pres- 
» in the lines is accomplished at the pump with a 
y valve, either manually or automatically. Adjust- 
ment of quantity of delivery is made by positioning the 
sop above the stem. In locations where abrasives might 
be detrimental to operation of the stem and its seal, 
plastic shields cover the openings on the indicator. 




























Lubricates Every Bearing on Forger 
ss An application of this type of valve to an Acme forging 
machine is shown in Fig. 5. This is a full-automatic system 
“)) Ewhich is motor-operated and timeclock controlled. Fifty- 
Lee five points are lubricated every 15 minutes with a heavy- 
a ; bodied oil. The system serves the main camshaft bearings, 
# the header slides, toggle ram slides, and die slides. 

} Another basic form of piston-displacement lubricator 
| is known: as the reversing, single-line system. Details of 
xi avalve for this type, designed by Trabon, are indicated in 
m 4 Fig. 6. Advantages of the system are use of a loop sys- 
4 tm in that one line is used by reversing 

rn the low through it, indication of operation of 
j ill valves is received at the central pump, 
) quantity of lubricant each valve delivers is pre- 
xt and cannot be varied, and there are no 
moving external parts. Disadvantages might 
#itclude increased resistance to flow of lubri- 
@ cant through all valves which are in series, 
and lack of adjustment feature to vary quantity 
of lubricant. 

Referring to Fig. 6, the valve is in position 
for receiving pressure through the line from 
nitrols, i the left port. Left primary piston is in a float- 
e of vail ing position so that the velocity of the lubri- 

cant carries it to the right, closing its port. 
s a pistol Lubricant advances, pushing both spool valves 
allel op to the right, and admits lubricant behind the 
operatio@ Main piston. Movement of the piston delivers 
the measured lubricant through the right-hand 
ity of . outlet to the bearing. At the limit of the main 

1 piston travel a port above it is cleared, allowing 
m of thif the lubricant to pass through the top spool 
Jes of Passage. This admits lubricant behind the 
e applig tight-hand primary piston carrying it to its 
ration | &Xtreme position and clearing the passage 
| through the valve. This action progresses 
j to bu through each valve until the flow returns to 
pool the pump, indicating that each valve has 

briet#f °Perated. Flow is then reversed manually or 
on Gone automatically to operate each valve in reverse, 


- valves tt 


r : 
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completing the reverse cycle and giving indication again. 

A novel valve design is shown schematically in Fig 7. 
This valve manifold is in reality a proportioning valve, 
designed by Trabon. A manifold of three sections serves 
up to six bearings. It has only three spools which pro- 
portion lubricant in sequence tg the bearings. Only one 
line to the valve is utilized, the quantity being fed at a 
given rate or at given intervals. This valve is particularly 
adapted to automatic systems. Because in most machines 
bearings are grouped in various locations, cost of the 
lubricating equipment and its assembly is a minimum. 
The valve manifolds serving the bearings are grouped and 
are fed from larger or master valves of similar construc- 
tion, completing the circuit. Conveyors or machines in 
which the bearings are in a long single line do not benefit 
by this system. 

Visualization of operation of this valve without a work- 
ing model is difficult, although the basic principle is illus- 
trated in Fig. 7. Considering the entire system full at 
all times and starting the cycle in the position shown, the 
only passage not blocked or not balanced is from the inlet 
section around the right to the end-section spool. Pushing 
this spool to the left feeds lubricant up through the left- 
hand side of the inlet-section spool and to bearing No. 1. 
This also opens central inlet through the end-section spool 
to the right side of the intermediate-section spool, moving 
it to the right and feeding lubricant through the end- 
section spool to bearing No. 2. Again a port is opened at 
the central inlet at the intermediate-section spool, moving 
the inlet-section spool to the left. This feeds bearing No. 
3 through the intermediate-section spool. Continuing simi- 
lar spool movements the end-section, intermediate-section 
and inlet-section spools move back to the right, feeding 


Fig. 9—Two-line, alternating-pressure system valve utilizes"two spools 
to reverse the direction of piston movement 
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bearings Nos. 4, 5 and 6, respectively, completing the 


cycle. Continued introduction of lubricant causes the 
cycle to repeat. 

A single-line piston displacement system which utilizes 
merely a piston and check valve, depending on a leakage 
path around the piston and differential areas for opera- 
tion has been designed by Alemite recently. This valve 
is shown in Fig. 8. Piston is being forced on its way down 
by lubricant under pressure thus delivering a measured 
quantity of lubricant to a bearing through the bottom 
port. When piston reaches this point it closes the spring 
valve and continued pressure causes leakage past the pis- 
ton, differential areas causing the piston to rise. As long 
ts pressure is applied the spring valve remains shut. When 
piston reaches the top the pressure builds up in the line 
indicating that all valves in the system have operated. 
When pressure is relieved, spring valve opens and valve 
is ready for next operation. 

Alemite has developed two other systems the applica- 
tions of which are similar to the single-line reversing and 
the dual-flow systems previously discussed, although the 
valve designs differ in detail. An application of the 





single-line system, known as the dual progressive system, 
is shown in Fig. 1. 

Another piston-displacement type is known as the Gor- 
dan system built by Blaw-Knox. Valve piston reciproca- 
tion is obtained by external mechanical operation. In 
this system the lubricant is always under pressure. With 
each shift of the mechanical mechanism a fixed quantity 
is discharged to the bearing from alternate ends of the 
piston chamber. When the valve is reversed, lubricant 
enters the opposite end of the main bore and the large 
piston moves to the other end of this chamber to dis- 
charge a measured quantity of lubricant through the 
other outlet. The mechanical linkage requires that all 
valves be in proper alignment which complicates and 
generally restricts applications to large machines. 

Another two-line piston displacement system in which 
pressure is applied alternately to each line has been de- 
veloped by Blaw-Knox. Basic principles of the valve are 
shown in Fig. 9. In the position shown, pressure applied 
to the left-hand inlet moves both spools to the right and 
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‘in the slide valve. 






































the piston downward. This action forces a measured 
quantity of lubricant through the left-hand outlet to the 
bearing. Reversing the system applies pressure to the 
right-hand inlet to supply lubricant to the right-hang 
bearing outlet, completing the cycle. Delivery of lubri. 
cant is measured by an adjustable stop on the indicato, 
stem. Position of this stem with respect to applied pres. 
sure on the line is a tell-tale of operation. 

A spring-return type of piston-displacement valve, Op- 
erated by single-line pressure feed, is shown in Fig. 10. 
This valve, designed by Lincoln Engineering Co, js og. 
nected in parallel to the line and depends on a Spring ac. 
tion on the piston for resetting instead of reversal of pres. 
sure. An application of this valve is illustrated in Fig, 3, 

Referring to Fig. 10, the system is full of oil. Pressure 
applied to the port at right has moved a slide valve to the 
right and uncovered a passageway. This admits lubricant 
to the left side of the piston, moving it to the right and 
delivering measured lubricant to the bearing through th: 
port at the top. Continued pressure moves the slide yalye 


Fig. 1C—Spring-return valve ogerates from a single line 
non-reversing system. Piston is reset for next operation 
by spring after pressure is relieved 


to the right by action of a spacer between it and the pis 
ton. When pressure is relieved on the line the spring 
pushes the piston back to the left by moving the lubricatt 
behind the piston through the passageway and a passig? 


Another single-line, spring-return piston type valve; de- 
signed for oil delivery only, has been developed by Bowe! 
Products Corp. The metering valve is simply 4 spring: 
loaded piston with a seat on its bottom together with @ 
ball-check valve to prevent syphoning oil from a bearing 
Pressure on the valve forces the piston down, delivering 
the amount of oil required. This amount is controlled by 
the length of the piston employed. Bottoming of the ps 
ton prevents leakage to the bearing while the system» 
under pressure. When pressure is relieved, the sping 
returns the pistons and leakage charges the valves from 8 
reservoir for the next operation. 

Box oilers or mechanical lubricators and restricted ot 
fic types of centralized lubrication systems will be tte# 
in. he following article of this series. 
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OW well a given hydraulic packing installation achieves its 
main purpose of confining the hydraulic fluid within the com- 
ponents of the system is a measure of its efficiency. There 

are, of course, secondary considerations in packing design such as 
friction, life and ease of service or repair. Frequently it will be found 
that several different designs of hydraulic packings are equally ef- 
ficient. This article will discuss briefly a number of generally ac- 


anil cepted designs and related engineering factors. 
ne pis- 


u 


dynamic seals. In the first group are gaskets for effecting a leakproof 
alve; d seal between two surfaces having no relative motion. In the second 
y haee group are a seemingly endless variety of devices for preventing the 
“spins § flow of fluid between two surfaces having relative motion. 

with , Dynamic seals are of two basic types. In one the motion is trans- 
bearing verse to the seal, as in the case of a piston rod; in the other the motion 
aliverits # is along the seal, as for a rotating shaft. Frequently the same dynamic 











olled by seal design can be used for both types, and such designs may be used 

the a as a seal under a combination of transverse and rotary motion. 

ystem * Static seals may also be subdivided into two major groups, one 

> Spring = which friction is an important factor in effecting the seal, such as 

from’ Bin simple gaskets; the other in which the packing is confined in a Fig. 2—Top—Fasteners carry only hydraulic 
chamber and increased pressure distorts the packing to effect a better load on head. Gasket is confined in a groove 

“_—, seal. This distortion due to pressure jams the packing across the so that squeeze pressure is negligible 

tree leakage path. Fig. 3—Above—Packing groove in head offers 


Packings have been’ made from many different materials such as an alternative to the design shown in Fig. 2 
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Fig. 4—Above—Threaded-sleeve construction 
utilizing O-ring packing 


Fig. 5—Below—Copper gasket seal. This 
construction has concentric serrations to effect 
seal as head is tightened on cylinder 











gasket-sealed do not need to be mirror-finished, but may have surface 
scratches of a minor order and depth. If surfaces to be gasket-sealei 
are of a high order of flatness and smoothness, only a thin Paper gasket 
is needed to effect good sealing up to 1500 pounds per square inch 


Fastenings 


In designing static seals it is important that as nearly uniform 
gasket pressure as possible be achieved. If the gasket is under a 
cover plate and this is bolted to the main structure, the Spacing of the 
bolts or screws and the stiffness of the plate must be such that suff 
cient squeeze will be exerted on the gasket over its entire area, A 
thin cover plate will require a large number of small screws, whereas 
a heavy cover plate of the same area will be satisfactory with a smaller 
number of large screws!. 

In all machine elements using gaskets the effect of the applied 
hydraulic load must be considered carefully. The amount of defes. 
tion in the gasket-sealed elements must be minimized by proper dis. 
tribution of metal between the fastenings. If a gasket is under con. 
siderable hydraulic load, it is better to use more care in getting a flat, 
rigid surface and to employ a thin gasket. 

The ideal fastening for a gasket seal would be a uniformly ap 
plied squeeze over its entire area. This condition is approached, for 
example, in a screwed-on cylinder head with a ring-shaped gasket be- 
tween the head and the end of the cylinder. 

Where packing material is confined in a groove, as in Fig. 2, the 
fastenings are required to carry only the hydraulic load as applied to 
the cap or head—the gasket squeeze in this design being practically 
negligible. It is important that the fastenings be so proportioned that 
the cap is not allowed to separate from the cylinder wall and allow the 
gasket to extrude through this opening. 


Effect of Fluids and Temperature 


Choice of packing material and the design of the seal are it 
fluenced by the hydraulic fluid acting on the packing as well as the 
temperature range throughout which it must operate. Certain m& 
terials swell to a considerable extent in the presence of hydraulic 
fluids, and proper allowance must be made for this swelling, particr 
larly if the packing material is closely confined. 


1F, C. Thon—“Gaskets”, Industrial and Engineering Chemistry, February, 1998, 
Pages 164-170. 


Fig. 6—Below—High-pressure seal employs forged alumi- 








organic fibers, mineral fibers, natural and synthetic rub- 
ber, cork, paper, soft metals, and many other materials. 
Present packing trends lean toward the use of synthetic 
molded packings, sometimes including binders of organic 
or mineral fibers. It is not within the scope of this article 
to discuss in detail the merits of these various materials. 


Importance of Surface Finish 


One of the most important factors in the operation of 
a dynamic seal is a smooth, hard surface for the packing 
to slide on. It cannot be too highly stressed that mirror- 
Ifke finishes increase the packing life many times. Such 
finishes are relatively easy to achieve on modern honing 
and grinding equipment. It is, of course, necessary to in- 
sure that this surface, particularly on parts in storage, be 
suitably protected against mechanical damage through 
careless handling and from rusting or other chemical 
changes. 

The same comments apply in some degree to static 
seals, although the latitude is wider. Surfaces to be 
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num ring in tapered groove. Successful seals up to 20,000 
pounds per square inch have been made 








Cap screw 








Wedge shaped groove 
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Packing materials should not break down under pro- 
longed exposure to the hydraulic fluid, allowing particles 
per gaske | of packing to drift through the hydraulic system. 

inch 1 Wherever possible, the design of the seal should be such 
that a minimum of packing is exposed to the hydraulic 
= choice of material is also influenced by the tem- 


fr perature range. Military aircraft must operate over 
Ing Of the 
that , uff TABLE [ 
area, A Recommended Sections for Square Packing 
, whereas — ena < ymnas 
a smaller NE Eee meres ry 

EN 012 ars rage 5. by wig 8 6a a Hilde eS Gm % 

I ie at a ntonsds wars Rl bie ete eid 
> applied Et ee nee Ss 
of deflec. Rh AE Re an epee ea % 
8 nd ranges of temperature from —65 degrees Fahr. to 165 
: degrees Fahr. This range is probably far greater than 
cm that found in the average industrial or commercial in- 
mly ap. stallation. On the other hand, many industrial applica- 
hed. for tions require packings to operate at temperatures in ex- 
sket be. | °° of 500 degrees Fahr. 
5 2, th Static Seals 
plied 0 § In Fig. 1 is illustrated a typical gasket seal on a con- 
actically § ventional engine cylinder head. The head may be lined 


ied that F up with the cylinder by means of bolts, dowels or a 
low the § shoulder. In any event, the gasket is placed between 
































Fig. 7—Extreme-pressure packing for pipe connections, 
cylinder heads and pistons 






the cap and the cylinder on carefully machined surfaces. 
from within the cylinder tends to push out the 

gasket against the friction holding it in place. In this 
design the force on the cylinder head is usually based on 
the area enclosed by the bolt circle. If the gasket is not 
pierced by the cap screws, but is a flat ring wholly inside 
the circle of cap screws, then the hydraulic force on the 
is based on the outside diameter of the gasket. These 
methods of calculating cylinder-head loads are, of course, 
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Fig. 8—Top—Common stuffing box with wick packing 


Fig. 9—Above—Stuffing box with smooth gland. Nut fits 
on external threads 


empirical but will give safe values. 

The chief advantages of this type of seal are its sim- 
plicity and low cost. The disadvantage lies in the fact 
that the cylinder head bolts must carry the increased load 
of gasket squeeze plus cylinder pressure. 

A more up-to-date design in which a packing groove 
is employed is shown in Fig. 2. This groove is usually 
placed as close to the cylinder bore as possible to reduce 
the total pressure load on the hold-down bolts. The 
groove may be in either the cylinder, Fig. 2, or the cap, 
Fig. 3. The packing may be of many different cross 
sections, but square or round packings are favored. 

Square packing, if made of a compressible compound 
such as cork with a synthetic-rubber binder, is designed 
to fill the groove completely. Actually the groove has a 
sectional area approximately 30 per cent smaller than 
the packing section. The design of the cylinder and the 
cylinder head is such that when the packing ring is as- 
sembled between them and compressed by tightening the 
cap screws the packing material is entirely confined in the 
groove. Suggested square sections for various mean di- 
ameters are listed in Taste I. 

These sizes are based on ease of handling the rings 
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range in Army and Navy specifications. Larger sizes cx 
no doubi, be made if mold equipment js available 
Engineering details for the installation of, and glan 
design for, O-ring packings are discussed in a |ater vg , 
graph. 

In Fig. 3 the cylinder is made with a shoulder, either 
integral as illustrated or brazed on. The cap ig fastened 
to the cylinder by means of a retaining ring held 
clamped by through-bolts and nuts. This retaining ring 
must be split in order to assemble it over the cylinder 
shoulder when both ends of the cylinder are identical, 
is most often the case. 

Cylinder-head construction utilizing O-rings and , 
threaded steel sleeve for the cylinder is illustrated in Fip 
4. This construction is typical of aircraft hydraulic de 














sign following Air Force specifications. The O-ring j 
held in a closely fitting groove in the cap in such a way 
that, when assembled with the cylinder sleeve, it ; 
slightly compressed into the groove and against the sleeve 
thereby effecting a seal. The thread serves only to hold 
the cap on the sleeve and plays no part in the seal. 4 
setscrew against a rubber plug cut from an O-ring serves 
to lock the cap on the sleeve. Chief disadvantage of this 
assembly is that no appreciable torque can be transmitted 
from the cap to the sleeve. This is seldom necessary, » 
this disadvantage is of minor importance. 

An all-metal gasket is illustrated in Fig. 5. Serrations 
usually four in number, are carefully cut in the cap and 











cylinder so that the sharp crests of the serrations ar 
exactly opposite each other. A carefully annealed deat: 











Fig. 10O—Top—V-ring design reduces the 

friction obtained with stuffing box 

Fig. 11—Above—Spring-loaded packing 

assures proper pressure, protecting 
against over-tightening 


rather than on other factors. It is pos- 
sible to seal a 20-inch diameter cylinder 
head with a %-inch square section but it 
becomes a difficult problem to insert this 
section around the periphery of a 20-inch 


circle without stretching or twisting the: 


packing out of shape. 
To save packing material on. large 
rings it is possible to cut long, straight 


pieces with the required square cross. : 


section and to wrap them around the 
groove, using a scarf joint without. ce- 
ment. The direction of the scarf does 
not seem to matter. This method has 
been tried successfully on pressures up 
to 300 pounds per square inch. 

The round packing or O-ring, as it is 
commonly known, has become popular, 
particularly in airplane hydraulic mech- 
anisms. When used as a static seal the 
section is %-inch in diameter for ring 
sizes from %4-inch inside diameter up to 
10-inch inside diameter. This is the 


Fig. 12—Gland designs for O-ring pack- 
ings for dimensions listed in TABLE II 
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soft copper gasket is then squeezed between the sem 
tions to effect the seal. In order to be efficient, the ser. 
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‘sR Min 
Note. All surfaces and corners must be smooth with- — — nes sect” 
out tool marks, nicks, or scratches ppiicable 0 
* Clearance must be held toan absolute mini- if 
mum consistent with design requirements 
for temperative range variations 
+ When AN6230 O-Ring gasket is used the C dimens 
4ain. (normal) AN6227 O-Ring packing is applicabit 
a 
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Sizes cay tions must be smooth and hard with 
availabe i “nicks” or marks, and the copper 
nd glaif jacket must be new and of uniform 
ater Par. <a (or softness in this case). 
The copper gaskets must never be 
er, either ysed more than once. 

} fastened 
| held o 
ning ring 
Cylinder The packings illustrated so far 
ntical, a have been suitable for static seals at 
pressures up to 2500 to 3000 pounds 


Allowable Pressures 


| ma “F per square inch. Up to 1500 pounds 
. m Fg yer square inch packings show little 
_ & tendency to extrude through normal 
D-ring is running clearances between piston 
: “WF ind cylinder or sleeve and cap. 
"©; It SB From 1500 to 3000 more attention 
© slew, must be paid to keeping clearances 
to hol small, At 3000 pounds per square 
a inch extrusion difficulties are acute, 
© serves Fines the clearances through which 


: of this the packing may extrude can be 
nsmitte! F nade less than .002-inch. Beyond 
sary 9B 3000 pounds per square inch plastic 
or rubber packings alone have not 





— been very successful. 

cap and 

Ons are 

d dead. Extreme-Pressure Seals 


BP SelTa- 


For extreme - pressure seals 
€ Serta 


between a cylinder and cylinder 
head, a metallic seal that has been 
ued up to 20,000 pounds per 
‘square inch with success is illustrat- 
d in Fig. 6. Here a forged alumi- 
mum alloy is used as the sealing 
means. The cylinder and head are 
Steel. A deep groove, slightly ta- 
)Pered as shown and of such dimen- 
sions that the rectangular section of 
the aluminum packing can _ be 
Wedged into the groove, is cut in 
both cylinder and head. On as- 
‘sembly the head is carefully and 
evenly tightened so as to bring about 
@ even pressure on the aluminum 
ming, thereby insuring a sufficiently 
fight seal. 

“Illustrated in Fig. 7 is a type of 
*ateme-pressure packing developed 
ty P. W. Bridgman at Harvard Uni- 
Yersity. This basic design? is used 
ot pipe connections, cylinder heads, 
‘And pistons. 
































’ Dynamic Seals 


L ; . will be impossible in the space 
a this article to cover all the varia- 
Mons of dynamic seal designs, but 










*P. W. Bridgman—The Physics of High 
» The Macmillan Co. 
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TABLE IT 


Gland Dimensions for O-Ring Packings 
of Nominal Size and AN Dash Numbers 


(Dimensions Indicated on Fig. 12) 
















































































O-Ring 
inal Size Cylinder Rod Gland |Diametral) Groove 
meta Gee re Diameter; Width Squeeze | Length 
Dash WT I.D. O.D. + .001 ‘ Max. Min. . 
No.* (in.) (in.) (im.) } “(im.) (in.) (in.) (in.) (in.) 
1 vs % eee 123 | 057 | .010 093 
2 ¥6 ta 4 281 .154 | .057 010 .093 
3 vs vs *s ‘312 ‘185 057 «| ~~ .010 "093 
4 is a y 344 .217 057 | 010 .093 
5 ve % % i 1375 248 057 | “010 093 
6 v6 vs ys 4375 310 057 010 093 
7 vs % % | ‘500 | 373 ‘057 «| = 010 093 
8 5) % % | 5625 ‘373 090 ~=«| L010 140 
9 a3 is &% Ci 625 | .435 090 | O10 .140 
10 aa % HO 6875 | 498 | 090 010 140 
| | 
11 ay vs 34 750 | 560 | 090 | 010 140 
12 as % 2 8125 623 | 090 | .010 140 
13 Py it V% 75 655 | 090 | “010 140 
14 Py %4 1g 9375 745 | .090 010 -140 
15 % 34 1 | 1.001 | 747 .123 012 187 
16 % +} #8 1% | 1.063 | — .809 123 | 012 187 
17 os % | 1% | 21.126 | 872 123 «| = 1012 187 
18 “8 a if 36| (1.188 | 934 1123 | .012 (187 
19 vs 1 | 1% | last |. 9% | i193) | ‘one | 187 
20 ¥8 1 1% | 1.313 | 1.099 | 123 | . .012 | 187 
21 % 1% 1% 1.376 1.122 | .123 | O12 | 187 
22 “8 1¥ ly 1.438 1.184 | .123 or | «jae 
23 % 1% 1% 1.501 1.247 ee See 
04 M% 1s KS 1563 1.309 | (123 | ‘o12 |  :187 
25 % 1% 1% | 1.626 Loe} ASR O12 | «187 
26 6 1 1 1.688 1.434 | 1123 | .o12 187 
27 % 135 itt 1.751 1.497 | a O12 | 187 
28 16 1% 1% 1.876 1.497 1875 | 017 | 281 
29 v6 1% 2 2.001 1.622 1875 | O17 281 
30 ve 1% 2% 2.126 1.747 1875 | 017) | 281 
31 ie 1% 2% 2.251 1.872 1875 | .017 281 
32 x6 2 2% 2.376 1.997 1875 O17 .281 
33 ¥s 2% 2% 2°501 2:122 1875 | .017 281 
34 ve 2% 25% 2.626 2.247 1875 O17 281 
35 v6 2% 234 2.751 2.372 1875 017 281 
36 ie 2% 2% 2.87 2.497 .1875 O17 .281 
37 ie 2% 3 3.001 2.622 1875 017 281 
38 is 2% 3% 3.126 2.747 1875 O17 281 
39 x6 2% 3% 3.251 2.872 1875 O17 281 
40 ve 3 3% 3.377 2.996 1875 O17 281 
41 v6 3% 3% 3.502 3.121 1875 017 281 
2 ve 3% 354 3.627 3.246 .1875 017 .281 
43 5c) 3% 33, 3.752 3.371 .1875 017 281 
44 v6 3% 3% 3.877 3.426 .1875 O17 281 
45 ve 3% 4 4.002 3.621 1875 .017 281 
46 ie 334 4% 4.127 3.746 1875 et 281 
47 i 3% 414 4.252 3.871 1875 017 | 281 
48 v6 4 4% 4.377 3.996 1875 017 281 
49 ie 4% 4% 4.502 4.121 1875 017 281 
50 is 44 45% 4.627 4.246 1875 017 .281 
51 ic 4% 43 4.752 4.371 1875 017 .281 
52 16 4% 4% 4.877 4.496 1875 017 281 
53 % 454 5% 5.128 4.621 240 029 375 
54 \ 4% 5% 5.253 4.746 240 "029 375 
55 % 4% 5% 5.378 4.871 240 .029 375 
56 % 5 5% 5.503 4.996 . 240 .029 375 
57 % 5% 554 5.628 5.121 240 .029 375 
58 4% 5% 5 3 5.753 5.246 240 .029 375 
59 24 5% 5% 5.878 5.371 240 .029 .375 
60 % 5% 6 6.003 5.496 240 029 375 
1 55 1 6.128 5.621 .240 .029 .375 
¢2 if 338 $i 6.253 5.746 .240 .029 .375 
63 A 5% 6% 6.378 5.871 240 .029 .375 
64 MY 6 6 6.503 5.996 .240 029 375 
65 A 6% 63% 6.753 6.246 240 029 375 
1 7.003 6.496 .240 029 .375 
- ‘4 6% ay 71253 6.746 "240 029 373 
68 4 7 7% 7.503 6.996 240 .029 .375 
69 Y% 1% 734 7.753 7.246 240 .029 375 
70 % 1% 8 8.003 7.496 240 .029 375 
1 34 A 8.253 7.746 240 .029 375 
1 i ie 844 8.503 71996 "240 "029 375 
73 \% 8% 9 9.003 8.496 240 029 375 
74 4 9 9% 9.503 8.996 240 ‘029 375 
75 yy 9% 10 10.003 9.496 .240 .029 375 
7 ( 10 10.503 9.996 240 .029 .375 
77 i 1036 Ti 11.003 | 10.496 "240 "029 375 
78 4 11 11% 11.503 10.996 240 .029 375 
*Army and Navy Specification AN6227. 
Wt denotes width of cross-section. 
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the most used ones will be covered TABLE III 
briefly. The most common is the { 
simple stuffing box utilizing wick Gland Dimensions for V-Ring and U-Cup Packings ; 


packing, as shown in Fig. 8. Here 
the gland has a tapered bottom and 


(Dimensions Indicated on Fig. 15) 

































































is threaded all the way to this taper. | | — 
e ‘ Cylinder |Piston Rod : 
The packing consists of strands or V-Ring or U-Cup pig i Sn Rel 
wicks of suitable material, usually revere ane Cont Piston | Bearings 
i Nominal Size ae by 0.D. LD, 
cotton or asbestos fibers impregnated Dash Wi LD. OD. ‘000 ae | a 
with graphite, which is wrapped No.* (in.) (in.) (in.) (in.) (in.) ae (in.) (im) 
> a oe: 
around the rod or shaft and “stuffed’ a i Ky Ks $02 _ 123, 498 it 
‘ P ° 2 3 Ss 5605 i 
into the gland. A suitable nut or 3 ts Y ¥% 627 248 "623 = 
plug serves to retain the packing an 5 v5 % % - 752 373 | .748 37 
apply pressure to force it against 6 * is i 8145 4355 8105 4395 
7 ‘877 7 1 
the rod or shaft. 8 Y 4 < 752 348 748 3 
: 9 4 T) 8145 3105 8105 3145 i 
The stuffing gland may be a 10 if V3 i 877 = pe a fi 
smooth hole with a smooth plug as ul \ 4 9395 oo au pm 
in Fig. 9, pressure being applied by - (4 Ka d . 498 998 502 
? ‘ 13 Y4 ts lz 1 0645 5695 1.0605 5645 
a nut working over an external 3 4 56 1% 1.127 623 1.123 621 
\ rf 1%; 1.1895 6855 1.1855 6895 
thread on the gland and forcing the a “ ee sa — jae + al od 
- 4 % A ; 2 : 
plug into the gland by means of a 17 4 # 1 fs 1.3145 “8105 1.3105 85 
: ‘ 18 \ % 1% 1.377 873 1.373 871 
flange. Chief disadvantage of the 19 4 it ie 1.4395 | 9355 1.4355 | 9s 
‘ Meine ae 1.502 ‘998 1.498 “002 
stuffing-box packing lies in the fact se * 
ae 1 1.564: a 5605 
that when sufficient pressure from 22 4 ry 136 1627. 1123" 1633 ii 
i i i y S 5 
tightening the nut is used to effect 3 ‘4 1% it to 1. | Ue ee 
a seal the friction is high. Stuffing = ¥ 1% 1% sieahed 1.248 . sin: 
: ipro- 26 is 1% 2 2.002 1.273 1.998 1.377 
boxes can be used for both recipro 21 : 14 2% eo = 2 133 Ue 
i i i ‘ 2.252 1.623 2 
cating and rotating shafts. Size de = ¥ 1% 334 oo ean a. a 
pends on the type of material used 30 i 1% 244 2.502 1.873 2.498 1.87 
for packing and, in many cases, the 3 % . 2% 2.627 1.998 2.623 — 
. ° ° S Se . > 2.12 . 4 
space available. No definite design 33 ts 2% 2% 2.877 2.248 2.873 2.252 
34 ts 2% 3 3.002 2.373 2.998 2.377 
data can be recommended. 35 s 2% 3% 3.127 2.498 3.123 2.502 Fj 
36 % 2% 3% 3.252 2.498 3.243 2.502 i 
37 % 25% 3% 3.378 2.692 | 3.372 2.628 
. . 38 8% 3 3.50: "TAT 3.49 ‘ 
V-Ring or Chevron Packings 39 % 3% 382 pe pie 3.622 2.878 
40 % 3 33% 2.753 2.997 3.747 3.003 
: a" ae 41 % 3% 3% 3.878 3.122 3.872 3.128 ter 
High friction is overcome to a p 
42 % 3Y% 4 4.093 3.247 3.997 3.255 mé 
great extent by the frequently-used 43 is 3% 4% 4.128 3.872 | 4 122 ae ste 
. . ° ‘ 253 7 24 3. 
V-ring or chevron packing. In this 45 % 35% 43% 4.378 3.622 | 4.372 3.628 Tr 
; ‘ : 46 % 3% 4% 4.503 3.747 4.497 3.153 
packing, Fig. 10, a series of one or pi oa 89 
: 47 3 31 45 62 3.872 4.62 
more V-rings, plus male and female 48 “s At, rt, 3 3 e2 4.747 3.4 | 
: ; 1 7 4.872 
end rings, are fitted into an accurate- M4 ¥ 4% HY: S ts8 4247 5.122 4.38 o 
° es ¢ “407 4. 
ly machined gland giving the proper - ve 444 5% 5.378 4.09% ie. pa 
° ° ° ; 55 7 5.622 4.753 | 
radial clearance with the piston rod 4 ¥ a4 5, = or 5.972 | 5.08 Di 
or shaft. The chevrons are molded se ¥ Hs 6% re = 6-372 | «(5.508 
Oe . Rg +e ‘ gt a 
with a sharp edge which faces the 56 % 5% 6% 6.503 5.497 6.497 5. 
ide. ici - 57 534 634 6.753 5.747 6.747 5.753 
pressure side Only sufficient pres $7 i 5% 6% 6.753 5.302 | $991 6.08 
sure to insure contact between this 59 % 6% 7% 7.253 6.247 7.247 e = 
A ‘ 60 4 6 7 7.503 6.497 7.497 +. 
edge and the rod is supplied by the 61 4 6% 7% 7.753 6.747 7.747 
gland nut. Pressure from the fluid 62 % 7 8 8.003 6.997 7.997 1S 
. 63 % 7% 81, 8.253 7.247 8.247 a 
causes the packing to hug the rod or 64 % 7 4 3 508 7497 8.491 138 
° F 34 34 758 747 8. a 
shaft, higher pressure causing a a 3 - ;” Saas 7997 8.907 | 8.008 
tighter seal. Here again, maladjust- 6 % 8% 9% con 8.497 9 497 ‘i 
68 9 10 10.003 9.997 9.997 003, 
ment of the gland can cause exces- = i 9% 10% 10.503 9.497 10.497 |e m8 
: icti s 70 10 ll 11.0 : a: 
sive friction. To prevent such mal " 2 103 ih oS sar 11.491 10.5 
adjustment the packing is frequent- 72 % 11 12 12.003 10.997 11.9 eo 
ly spring-loaded, the depth of the 2 
gland being fixed, Fig. 11. While *Army and Navy Specifications AN6225, AN6228, AN6229 for V-Rings and AN6226 for ve 
the V-ring is a great improvement Wt denotes width of cross-section. <- 
over the stuffing’ box in reducing dubk 
friction, there is still considerable drag at high pressures. of materials in a great many sizes. They are Se 
Another disadvantage is that it does not seal well at low from stock molds in sizes ranging from beer | 
pressures unless considerably preloaded by spring or nut. diameter up to several feet. The width of re ine 
V-rings or chevron packings are molded from a variety the “stack height”, and also the shape vary Ww! 
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Fig¥13—Low pressure,U-cup, requiring no adjustment 
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Fig. 14—Hat packing is a variation of U-cup, being one- 
half the latter in its shape 


terial, size, and also the particular molding company 
making the packing. The Army and Navy have jointly 
standardized on V-rings for aircraft hydraulic systems. 
These standards are available as drawing number AN- 
6225. 

Gland dimensions for V-rings molded to AN-6225 di- 
mensions are given in TABLE III for the dimensions indi- 


*J. N. Smith—“D 
Digest, April 1942. Pee ie Materials for Hydraulic Packings”’, Aero 











B | S88e85 Suess 2euex 


BEEE 
i Cylinder D— 


Eb 


Piston rod O.D. 


SX ARAARAAANS EANNAARARRANS RRAAANRR 


V-Ring or U-Cup packing 
Tal-A6- 1h keh alolal 


Machine DrsicN—September, 1944 







cated in Fig. 15. This table also gives the nominal sizes 
of the V-rings listed in AN-6225. The length of the gland 
is determined by the number of rings required (stack 
height), the size of the male and female adapters, Figs. 
10, 11 and 17, and the holding means employed for the 
packing. 

A self-energizing packing, the V-ring tends to seal more 
tightly with increased pressure. It is necessary, however, 
to have enough initial pressure on the lips to prevent leak- 
age before the pressure builds up. This is accomplished 
by preloading the stack of rings either with an adjust- 
able nut or a spring load as in Figs. 10 and 11. Since it is 
not practical to mold the rings to close stack-height di- 
menisons, an adjustable gland length is necessary for 
the seal. 

In large hydraulic press installations the V-rings usual- 
ly are cut so that they may be assembled into the press 
without disassembling the piston and cylinder. The 
reader is referred to an article on V-rings, entitled “De- 
sign and Materials for Hydraulic Packings”’. 


U-Cup Packings 


In the medium and low-pressure field a packing that 
has found considerable favor is the U-cup packing, illus- 
trated in Fig. 18. This is a molded packing in which 
the legs are made with an outward divergence so that 
when installed in the gland both legs will press against 
their respective sides of the gland. The ends of the legs 
are beveled to form relatively sharp edges to effect the 
seal against the rod and gland. A support ring of metal 
or plastic is used to hold the ends of the legs from the 
bottom of the gland. Gland length is fixed, no adjust- 
ment being necessary or possible with this type of pack- 
ing. 

The Army and Navy have standardized on U-cup pack- 
ings in sizes up to 3-inch inside diameter for aircraft hy- 
draulic systems. These packings are limited to 600 
pounds per square inch in installations subject to approval 
by Army or Navy inspection. The standard drawing is 
AN-6226. Gland size is listed in Taste III. U-cups are 


Fig. 15—V-ring and U-cup gland designs for dimensions 
listed in TABLE II 
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produced also in larger sizes than the AN-6226 standards, 
and design dimensions for these are available from their 
manufacturers. 

A variation of the U-cup is the flange or hat section 
packing shown in Fig. 14, being essentially one-half of a 
U-cup. The lip is molded at an angle to give a pressure 
against the rod. The packing is held by squeezing the 
flange by a retainer ring or cap. 


O-Ring Packings 


The so-called O-ring or “doughnut” packing has, in 
the last few years, become extremely popular with de- 
signers of aircraft hydraulic equipment. It is used wide- 
ly as a piston-rod, piston and cylinder-head packing, as 
illustrated in Figs. 3, 4, 16, and 20. It has been used also 
as a packing in swing check and poppet check valves, 
and as a seal for separating internal elements in complex 
hydraulic valves. The chief advantage derived from the 
use of O-rings, particularly in dynamic seals, is simplicity 
of design. Figs. 9 and 11 compared with Fig. 16 illus- 
trate this point with respect to packing and V-ring seals. 

When properly installed in well designed grooves the 
packing friction of the O-ring is very low. Tests on avail- 
able equipment have indicated a dynamic friction of 10 
pounds per linear inch of packing for pistons ranging in 
size from 1% inches to 2 inches in diameter. For a 2- 
inch cylinder this represents a total friction load of 62:824 
pounds at a hydraulic pressure of 800 pounds per square 
inch. 

As the pressure increases, this friction load will, of 
course, also increase. The static or “break-away” fric- 


Fig. 16 — Simple, 

effective O - ring 

seal for piston rods 
requires no nut 


tion will be higher and will vary with the length of time 
the packing has been at rest. This “break-away” fric- 
tion will also be dependent on the kind of material used in 
the ring. 

The Army and Navy have jointly standardized on O- 
ring sizes for aircraft hydraulic equipment. These stand- 
ards are included in AN-6227 and AN-6230, the former 
for dynamic seals and the latter for static seals. The 
gland sizes recommended for use with these packings are 
given in TaBLe II for the dimensions shown in Fig. 12. 
Either the square or the V-groove can be used for pres- 
sures up to 1500 pounds per square inch. The V-groove 
is superior and gives longer life at higher pressures, but is 
somewhat more difficult to machine to accurate dimen- 
sions, particularly as a piston-rod gland. 

The use of an O-ring as a piston-rod seal is shown in 





Fig. 17—Top—V-ring packing provides effective ® 
between piston and double-acting cylinder : 


Fig. 18—Middle—Double-acting U-cup seal for B 


Fig. 19—Above—Cup packing assembly emplo 
sealing double-acting cylinder 


Fig. 16. This is the simplest of -all rod packings and 
proved very effective. Either a V-groove or a TeCtaigrs 
groove is used. 
In designing glands or grooves for O-rings, they sh 
be so placed that assembly of the ring into -_ 
can be accomplished without damaging the ring § 
It is important that it be free from cuts or nicks (PF 
long life and assure proper seal. et 
To insure long life the surface against which the # 
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fig. 20—Above—Single O-ring packings may be utilized 
with either rectangular or V-grooves 


fig. 2I—Below—Packingless piston-design with pressure 
equalizing annular grooves 


Fig. 22—Bottom—Automotive type piston ring is employed 
as a seal in this design 
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slides should be smooth. To date the only surfaces that 
have worked well with O-rings as a dynamic seal are 
heat-treated steel, honed to a mirror finish, chrome plated, 
ground and polished. Copper, aluminum, and cast iron 
alloys have showu a tendency to scratch, and the pack- 
ing life against these metals has been relatively short for 
applications made. 


Piston Seals 


With the exception of the flange or hat packing, all the 
dynamic seals discussed for piston rods are also used on 
pistons of double-acting cylinders, as illustrated in Figs. 
17 to 20. Fig. 21 illustrates a packingless piston. The 
leakage across such a piston is a function of the clear- 
ance between piston and cylinder wall and the length of 
the piston. The use of annular grooves, as illustrated, 
minimizes the tendency of the piston to hug one side of 
the cylinder and therefore decreases friction, but this 





Fig. 23-—-Below—To facilitate service, packings for large 
single-acting cylinders are frequently designed like those 
for sealing employed piston rods 


Fig. 24—Bottom—Inside-packing design of the type used 
for small single-acting cylinders 
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Fig. 25—Mechanical devices for causing lips of seal to 
hug shaft; at (a) is a leaf spring, (b) a garter spring and 
(c) a rubber spring 


Fig. 26—Spring-loaded seal having rotating and sta- 
tionary rings, obviating a rotating seal on the shaft 





Housing Prom, 


Hard stee! stationary ring 


Rotati ng sha ft 


















































be Ol a — in) Ol at are) 


Ua clolahol al Olen t i engeliet iiss) ring 


S 








decrease in friction is obtained at the expense of in- 
creased leakage. 

In addition, the cup packing is a widely used type. In 
small cylinders it is not necessary to fasten the cup to the 
piston. The oil pressure holds it in place. Automobile 
hydraulic brake cylinders are a typical example of a loose- 
cup design. ; 

Pistons in double-acting cylinders are frequently 
packed or sealed by one or more automotive type piston 
rings, Fig. 22. These form effective seals if carefully 
fitted, but are of little value if the groove is wider than 
the ring and particularly if the joint in the ring is not ac- 
curately fitted. 

In large single-acting cylinders the piston packing is 
frequently designed like a piston-rod packing, Fig. 23. 
This makes it possible to service these installations more 
easily. Small units do not benefit by such a design from 
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a service point of view and are therefore more gene) 
designed with “inside” packing, Fig. 24. In small : 
machining and assembly operations are simplified wil 
inside packing. 


Rotating Shaft Seals 


So far, only the transverse type of packing or seal ha 
been discussed. There are many designs of packings @ 
seals for rotating or oscillating shafts. Frequently th 
piston-rod packings illustrated in Figs. 8, 9, 10, 11, i} 
and 14 can be used with rotating shafts. For sealing # 
high hydraulic pressures the V-ring has been found moi 
effective. 

Where the shaft seal is primarily to prevent the los d 
fluid under pressures not exceeding 5 pounds per squat 
inch, standard shaft seals are most satisfactory. All d 
those using plastic or organic packing materials seem 
be variations of the flange or hat packing, with varios 
mechanical devices such as garter springs, leaf spring 
or rubber springs to cause the lip or edge of the packitt 
to hug the shafts. 

The detail shape of the packing lip, the type and hat 
ness of the material, and the amount of spring pressut 
has a great bearing on the amount of heat generated ft 
a given installation. Surface speeds in this type of padi 
ing may be high; several thousand feet per minute # 
frequently encountered. Several cross sections of thes 
packings are illustrated in Fig. 25, showing leaf spring # 
a, garter spring at b and rubber spring at c. 

Where low friction, high speeds, and high suction ne 
are present, spring-loaded metallic, carbon, oF ! 
plastic seals are finding considerable favor. A ‘YP 
design is illustrated in Fig. 26. The stationary 
carries a hard, smooth, circular plane surface ag 
which rotates a ring of low-friction metal, carbomy 
plastic. This metal ring is pressed against the ¢ 
surface by a spring and is keyed or otherwise fasten . 
the shaft. It is also sealed to the shaft by either a U2 
bushing or a flexible tube. This type of seal is frequé 
ly used on the drive shaft of hydraulic pumps. 
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Fig. 1—Application of 
a magnetic brake to oa 
coal-yard hoist 
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ANY of the principles embodied in the design and func- 
tioning of brakes are similar or identical to those em- 
ployed in the development and utilization of clutches. 

Because friction brakes, like friction clutches, depend for their 
action upon friction between surfaces of driving and driven 
members, their capacities are predicated on unit pressures de- 
veloped between the friction surfaces, the coefficient of friction 
possessed by the friction surfaces and the ability of the unit to 
dissipiate heat. This last mentioned factor is of considerable 
importance because, if a brake of insufficient capacity is 
used, heat caused by friction on the sliding surfaces may 
well grow to a magnitude sufficient to burn out the brake 
lining material and thus cause an expensive shutdown of 
equipment. 

Design data and calculations applicable to the basic 
forms of block, disk and band brakes are dealt with so 
thoroughly in existing literature that no attempt will be 
made here to cover this familiar ground. Rather, it is in- 
tended to present the principles of operation together with 


Fig. 2—Power of this magnetic brake is applied by 
spring when the magnet is de-energized. Link G 
equalizes shoe pressures on brake wheel 
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‘application information applying to the more out- 
standing types of brakes. 

Generally, the designer of a brake attempts to 
put the required braking power into as small a space 
as good design practice will permit. It is important 
to recognize that size of the friction surtace area has 
no theoretical effect on the force required to create 
a given amount of friction but does have an all-im- 
portant effect on the heating of the friction area and 
the rate at which that area can be cooled. Thus, 
the brake designer must balance his design between 
compactness on the one hand and ample cooling 
area on the other. 


Two Predominant Types 


Just as there are radial and axial clutches, so are 
there radial and axial brakes. Radial brakes can be 
internal or external and generally are either of the 
block or band type. In the axial classification are 
found the cone and disk-type brakes. 

Many different means are employed to energize 
brakes. There are, for example, electromagnets, 
electric motors, hydraulics, pneumatics, and mechan- 
ical means (such as toggles, links and cams). The 
decision as to what type of power will be used to 
energize a brake for a given application will depend 
not only on the characteristics peculiar to the vari- 
ous types, but on what type of power is convenient- 
ly available and what kind of a braking job the unit 
will be called upon te do. Thus, in the case of 
magnetic brakes, a prime influencing factor might be 
the necessity for a type of brake unit which auto- 
matically will bring all equipment to a quick stop 
when there is an electric power failure. In other 
words it often is looked upon as a safety device. 
Such brake units are pictured in Figs. 1, 2 and 4. 

Referring to Fig. 2, to establish brake release, the elec- 
tromagnet is energized and the armature, as it is drawn 
to the magnet, pivots at bearing A, pulling the left-side 
shoe lever to the left by means of pin B, pulling the left 
shoe away from the brake,wheel and pulling link G. Link 
G pulls the lower end of the right-side shoe lever (pivot- 
ing on bearing E) to the left, thus moving the right-hand 
brake shoe away from the brake wheel. 

Energization of this brake is accomplished by cutting 
off the electric current to the magnet. The power spring 
then comes into play, pushing the armature away from 
the magnet and, through the linkage already described, 
forcing both of the brake shoes against the brake wheel 
with. equal force. This particular design has good power 
capacity, due in great measure to the fact that half of the 
brake-wheel ‘surface is always freely exposed to the atmos- 
phere for heat radiation. All of the requisite adjustments 
are readily accessible and the brake wheel can be removed 
from between.the shoes either by turning on the electro- 
magnet or by. tightening up the handnut. An appli- 
cation of seven such brakes is shown in Fig. 3. 

.Electromagnet , coils for magnetic brakes are shunt 
wound for connection across the line voltage or for con- 
nection in series with the main motor armature. Shunt 
windings are made for continuous duty or for intermittent 
(1 hour) duty. “Brake torque rating varies according to 
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Fig. 3—Above—Remote control by means of electric power mob 
these seven direct-current magnetic brakes particularly suitahj, 
for application to the various shafts of a ladle crane-nl 







Fig. 4—Below—Construction of three-shoe magné ie | 
protects braking surface from dirt, dust, other foreign m 
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magnet capacity which depends on the duty cycle. 3 
windings are made for 1-hour duty, for half-hour diff 
for unique duty cycles as calculated from the 
time chart for the installation. 

Magnetic brake selection has been standardized te 
erally so that where a given motor frame is used, on the 
usual type of installation, a corresponding brake is @ 
ployed. This simplifies the selection problem for mos 
jobs to the reading of a table. For unique «pple 
general points to be considered in the selection of at 
are the torque and the heat-dissipating balance be 
the particular requirements and the capacities o 
able brakes. 

It is necessary only infrequently to use a brake 
higher torqye rating than the torque calculated ro 
horsepower of the motor and the speed of the i 
which the brake is to be mounted. , This is true m3 
the fact that the ultimate torque of the motor 8 
times the rated value, because the motor is sele 
a liberal safety factor and because the mech mi 
efficiency works against the motor and helps the 
Thus, for a mechanical efficiency of 70 per cent® 
quirement for a brake is less than 49 per cent of 
motor must deliver. 

| In machines having high inertia loads, the ¢ 
must not énly keep the machine‘ rolling but must 
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erate it from a standstill to operating speed. Thus, when 

the brake is selected on the basis of motor size it has some 

“Bextra energy-absorbing capacity above that which would 

> Bexist if selection were based on the mechanical load. This 

3 compensating factor is increased still further if dynamic 

baking control is provided, since the motor in such a case 

ust be still larger to get rid of the extra heat developed 

fring dynamic braking. The brake corresponding to the 

Seer motor is again larger and has less to do because 

Mamic braking takes over a large share of the job of 

Meceleration. Under adverse conditions without dynamic 

Beontrol, with normal machine friction, and with half of 

the cycle time spent accelerating and half decelerating, a 

brake needs 28 square inches of friction surface per horse- 

‘* power of motor rating. Standard commercial brakes are 

2wer mak designed primarily as holding brakes and have from 2 to 
rly suitable 
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Fig. 5—Above—In this single-band electric brake, force exerted by 
electromagnet is amplified by means of leverage to displacement pin 


8 square inches per horsepower. Because of the com- 
plexity of considering the kinetic energy factor, it quite 
often is ignored and faulty operation occurs on the occa- 
sional installation which delivers far more energy to the 
brake than it can dispose of at reasonable temperatures. 

In exacting conditions, the time of action of the brake 
is to be kept in mind. Some part of a second elapses after 
the brake coil circuit is closed before the brake releases. 
This varies with the size of brake, the type of winding and 
the adjustment. Similarly some time elapses after open- 
ing the coil circuit before the brake grips. Timing re- 
quirements should be checked carefully to assure a satis- 
factory installation. 

In every brake structure it is necessary to make ad- 
justments to compensate for wear of friction faces. In a 
magnetic brake, as the lining wears away the magnet 

stroke increases and the brake becomes pro- 
gressively slower. If the need for adjustment 
is ignored too long the magnet will fail to free 
the brake, the friction faces will overheat, and 
permanent damage may result. This is a main- 
tenance question and proper attention can be 
encouraged if maximum accessibility and con- 
venience are provided. 

A unique but simple and effective means of 
brake energization is utilized in the internal 
single-band type brake illustrated in Fig. 5. 
The rotating drum part of this unit (not shown 
in the drawing), fits over the outside of the 
brake band with sufficient clearance existing 
between the inside diameter of the drum and 
the band to permit free rotation. 


Employs Magnet on Lever 


Braking action is effected through the elec- 
tromagnet, its lever and pin arrangement, and 
the shoes which are fastened directly to the 
brake band. On the inner face of the rotating- 
drum part of the brake is affixed an armature 
in the form of a flat, smooth, circular plate. 
The electromagnet, when not energized, slides 
lightly along the surface of the armature and 
no braking action takes place. However, when 
electric current is fed through the coil of the 
magnet, the magnetic attraction between the 
magnet and the armature establishes a defi- 
nite pressure between these units and the re- 
sulting friction carries the magnet along in the 
direction of drum rotation. Thus, in the unit 
shown in Fig. 5, the magnet and the lever to 
which it is attached would move to the left, 
swinging about the magnet lever pivot and 
urging the displacement pin to the right. It will 
be seen that the right and left shoes are sep- 
arate pieces, each held against the magnet 
lever pivot by the release spring. Since the 
displacement pin is located between the shoe: 
ends, when it moves to the right it will force 
the right shoe away from the pivot. This 
serves to swing the entire unit clockwise 
around the pivot until the brake-band lining 
at the left side touches the drum (an extreme- 
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ly small movement), and spreads the brake band, forcing 
it against the brake drum and thus creating the braking 
friction. 

Because of the direction of rotation of the drum, the 
friction between it and the brake band will tend to make 
the band spread still further, thus creating braking power 
additional to that which results solely from the action of 
the electromagnet and its lever. This, of course, is a form 
of self-energization. 

This brake is constructed of a minimum of simple parts, 
is extremely sturdy and offers a great deal of braking 
power for its size. One of its chief advantages lies in the 
fact that it can be rheostat-controlled from a remote 
source. The simplicity of the electrical circuit required 
in using such a brake is demonstrated by the typical wir- 
ing diagram shown in Fig. 6. 


Brake Can Be Used as Clutch 


It is interesting to note that by adding a collector ring 
on the shaft, thus permitting current to be drawn while 
the whole unit is rotating, this brake may be used as a 
powerful, slow-speed clutch. However, it is not recom- 
mended for applications where a constant slipping torque 
is required because the coefficient of friction of the brake 
lining changes as the lining heats up and, therefore, a con- 
stant torque cannot be maintained without constantly 
varying the current. 


182 


a 


Fig. 7—Diagrams show how servo, nonservo and balance 
brakes of the two-shoe type work. Distortion to whic 
drums of the different brakes are subject also is indicat 


A brake which lends itself to a great variety of a 
cations is the internal-shoe brake of which there are tint 
principal types: Nonservo, servo and balanced. [a 
may be operated hydraulically or mechanically and p¥ 
sesses certain characteristics which make it particulat 
suitable for specific kinds of service. 

Shown in Fig. 7(a) is a two-shoe, nonservo brake, Tk 
shoes are anchored at the bottom ends and spread a 
at the top by means of a mechanical cam or a hyd 
wheel cylinder to press the shoes against the drum ¥ 
this is done while the drum is rotating counterca™ 
as shown in the diagram, there is a frictional fom) 
duced at the drum, represented by F;. Note om” 
force has a moment arm a about the anchor, whitlt =A 
to rotate the left-hand shoe counterclockwise @ A 
anchor, and thus press it harder into the drut pa 
self-energization results in an increase in the 
force F,, the same as if the applying force had bi 
creased. . 

Applying the right-hand shoe produces a frictions’ 
F, at the drum in the direction shown by the arm 
force has a moment arm b about the anchor pin 
to rotate the shoe counterclockwise and away # 
drum. This shoe is termed “nonenergizing” and Ios 
results in a decrease in the frictional force F, thes 


MACHINE Desicn—Septembet ® 































it the applying force had been decreased. The frictional 
ce F, on the forward shoe may be several times greater 
Wop the frictional force F, of the reverse shoe, depend- 
ing on the coefficient of friction of the linings of the two 
Thus a brake of this type contains a self-energizing 
and a nonenergizing shoe, but no servo action. 
"Diagram (b) in Fig. 7 shows a servo-brake. In this 
Wes the shoes have a common anchor at their top ends. 
They are applied at a point near the anchor, and are con- 
ieted at the bottom by a floating link which usually is 
» adjustable to compensate for lining wear. When 
fe shoes are spread apart by the cam or hydraulic cylin- 
i and the drum is rotating in the direction shown by 
oe. a frictional force F, is produced at the drum. 
ince this shoe, which is known as the “primary’ ” shoe, is 
-anchored to the backing plate at its lower end, 
Waris to rotate with the drum. As may be seen, ae 
E. and force is transmitted to the other shoe, 
as the “secondary” shoe, through the connecting 
to become the applying force of the secondary shoe. 


hte servo action. 
Servo-Brake Shoes Are Self-Energizing 


‘ft should be remembered that, although the primary 
thee is not anchored directly to the backing plate, the 
fictional force F, produced by this shoe still acts as a re- 
tarding force on the drum and this force is added to that 
the secondary shoe. Force F; has a moment arm a 
‘about the connecting pin between the shoe and link, tend- 
ig tv press it harder into the drum; therefore it is an 
@ergizing shoe. Force F, of the secondary shoe has a 
‘moment arm b about the anchor, tending to press it harder 
into the drum and is, therefore, also an energizing shoe. 
If the two shoes are lined with the same friction material, 
the frictional force F, of the secondary shoe will be about 
double that of the primary shoe F;. In the opposite di- 
ao tection of braking, the secondary shoe becomes a primary 
y of app 

2 are tif = Shown in diagram (c) of Fig. 7 is a “balanced” brake, 
_ “§ with the two shoes individually applied and individually 
and pe 
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Fig. 8—Principal parts of a hydrodynamic brake are the 
stators and rotor. How “shearing"' action on fluid develops 
retarding power is shown in the four sections at right 
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anchored at diametrically opposite points. When the 
drum is rotating in the direction shown by the arrow, and 
the shoes are individually actuated to press them against 
the drum, the frictional force F, of the top shoe has a mo- 
ment arm a about its anchor tending to press it harder 
into the drum; and the frictional force F, of the bottom 
shoe has a moment arm b about its anchor tending to press 
it harder into the drum; thus both shoes are self-energiz- 
ing. However, this brake, like that shown at (a), devel- 
ops no servo action. 

If the applying forces and the types of linings or the 
two shoes are alike, the frictional forces F; and F, will be 
the same and both shoes will do the same amount of work. 
Also, if the brake is constructed with geometrically sim- 
ilar applying forces and anchoring points for the opposite 
direction of drum rotation, the brake will have the same 
effectiveness in both directions. 

As a comparison of the torque capacity of the various 
types of internal-shoe brakes, a curve has been plotted as 
shown at (d) of Fig. 7. It shows that the balanced brake 
is somewhat more effective than the nonservo, and that 
the servo is more effective than the balanced brake. This 
can be attributed to the fact that the balanced brake has 
two self-energizing shoes against one self-energizing and 
one nonenergizing shoe of the nonservo brake, while the 
servo brake of course has servo action in addition to its 
two self-energizing shoes. 

Brakes operating at high speeds require good con- 
trollability which exists when the input is proportional to 
the output over the entire torque-capacity range of the 
brake. This characteristic is inherent in the balanced 
brake, which therefore is the most suitable for this type 
of service. 


Servo-Brake Suited to Low Speeds 


In low-speed operation, controllability is not so impor- 
tant. Since the servo-brake is the most effective of the 
three types it is best adapted for this kind of service be- 
cause it allows the use of the smallest diameter brake for 
a given torque. The nonservo brake, which is the least 
effective, is suitable in those applications where the torque 
requirements are not high and where unequal drum dis- 
tortion and unequal lining wear between the two shoes 
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is not of great importance. 

Since neither drums, shoes, anchors, nor backing plates 
can be made perfectly rigid, the forces imposed upon 
these various elements during a brake application cause 


deflections or distortions. It is assumed that the two shoes 
of the brake shown in Fig. 7 (e) are lined with materials 
having the same coefficient of friction and that a straight- 
bore wheel cylinder is used, that is, a wheel cylinder hav- 
ing the same diameter bore at each end. For a given line 
pressure, this straight-bore cylinder produces equal apply- 
ing forces A and B on the two shoes. Statically, that is, 
with the drum not rotating, these applying forces produce 
equal radial forces, P,; and P,, on the two shoes. How- 
ever, when the drum is rotating in the direction shown 
by the arrow, the frictional force F, of the forward shoe is 
increased due to its energizing action. Since this has the 


same effect as increasing the applying force a, it also has . 


the same effect as increasing the radial pressure P,. Con- 
versely, the frictional force F, of the reverse shoe is de- 
creased due to the nonenergization of this shoe, with a 
proportional decrease in the effective radial pressure Py». 


Unequal Distortion Means Loaded Bearings 


Forces P, and P, cause the drum to distort outwardly 
at the points where these forces are greatest. Since force 
P, is greater than force P», the left side of the drum will 
be distorted outwardly farther than the right side. The 
distortion diagram is shown exaggerated by the dotted 
lines in Fig. 7 (f), the solid line representing the undis- 
torted drum. The difference between the radial forces P; 
and P, constitutes a resultant force acting in the direc- 
tion of the greater, or to the left in this case. This force 
is imposed upon the bearings. Since lining wear is a 
function of the radial pressure, the forward shoe, having 
the greater radial pressure, will wear faster than the re- 
verse shoe. If both shoes of the servo-brake shown in 
Fig. 7 (g) are lined with materials having the same co- 
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Fig. 9 — Diagram ilh 
trates how  hydr 
dynamic brake cap } 
used to limit speed ¢ 
inclined belt convey 


efficient of friction, the friction force F, of the seconday 
shoe would be about twice the friction force F, of t 
primary shoe. Since here again the forces F, and Fx 
different, the radial pressures P, and Pz also are differs, 
with the result that the drum distortion diagram is simlz 
to that shown at f for the nonservo brake, except thiti 
this case the maximum distortion is on the right insted 
of the left side. The resultant force to the right impos 
a load on the bearing and also causes the secondary sit 
to wear faster than the primary shoe. 


Balanced Brake Characteristics 


In the balanced brake, Fig. 7 (h), if both showa 
lined with materials having the same coefficient of fir 
tion, and if the wheel cylinders or the applying mem 
produce the same applying pressure at each shoe, ths 
the frictional forces F, and F, of the respective shoes¥i 
be equal. Since both shoes ‘have the same amount 
self-energization, the radial pressures P, and Py» also wi 
be equal; therefore the lining wear of both shoes is tt 
same. Since now the radial forces P; and P» ate 
and opposite, the drum distorts symmetrically, as show 
exaggerated by the dotted line in Fig. 7 (i), the solid le 
again being the undistorted drum. Thus this brake dos 
not impose any load on the bearings. 

One of the most recent developments in the brake i 
is the unit pictured cross-sectionally in Fig. 8. It8® 
ferent from most other types of brakes in that it " 
power by fluid friction rather than mechanical fri 
Known as a “Hydrotarder” or “Hydromatic Brake, i 
hydrodynamic unit does not take the place of any af! 
regular mechanical brakes but supplements them wee 
retarding action is required without actual stoppia™ 
a considerable period of time. 

As shown in view a of Fig. 8, the unit consists of tr 
main parts: Right and left-hand stators B and the 1 

(Continued on Page 174) 
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Fig. 1 — Hydraulic torque- 

meter indicates torque re- 

action on sun gear of a 
planetary transmission 









Torquemeters 


Furnish Check 


RESISTANCE STRAIN GAGE 
TS CEMENTED 


SHAFT 


Fig. 2—Electrical torquemeter shown uses 
tesistance-wire strain gages attached to the 
shaft whose twist it measures 








TORQUE MEASUREMENTS may be 
used effectively in controlling many 
types of machines and processes, but 
real or fancied difficulties in applying 
forquemeters have stood in the way of 
their more widespread use. The accom- 
Panying article, an abstract of a recent 
ALE.E. Paper, presents a brief discus- 
sion of the better-known types of air- 
craft engine torquemeters and_intro- 
uces a new design of magnetic coupled 
forquemeter that recently has come 
through its development stage 
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on Machine Performance 


By F. W. Godsey and B. F. Langer 
Westinghouse Electric and Mfg. Co. 


WO general types of torquemeters have been applied to aircraft 

engines to determine engine output; these are the hydraulic and 

the electrical types. The hydraulic torquemeter (1)*, (2), is 
the better known of the two and has been in use for a numberof 
years; it usually measures the torque reaction on a stationary member 
of the propeller shaft reduction gear train by means of a hydraulic 
piston and a pressure-regulated oil supply. The oil pressure is con- 
trolled by means of slight piston movements to balance exactly the 
torque reaction of the selected gear, usually the stationary sun gear of 
a planetary gear set, Fig. 1, and the oil pressure which is proportional 
to the torque is measured by a conventional pressure gage. When 
double reduction gears are required or when operation at an extremely 
low temperature is necessary, and when excessive torsional vibra- 
tions are present, the hydraulic system becomes difficult to handle. 
Electrical torquemeters fall into three general classifications, the strain- 
resistive, strain-capacitive, and strain-magnetic. 

The strain-resistive type may measure either the twist in the pro- 
peller shaft by means of strain-sensitive resistance elements mounted 
directly on the shaft or it can measure the deflections of a stationary 
reaction member, somewhat similar to the conventional hydraulic 
torquemeter in application except that the actual deflection of a spring 
is measured rather than the balancing oil pressure. If the strain- 
sensitive resistance elements are attached to a stationary reaction 
member, direct electrical connections can be made between the re- 
sistance units and the indicating instrument; but if the resistance units 
are mounted on a rotating shaft so as to be sensitive to the actual 
twist in a specified gage length of shaft, electrical connections must 
usually be made through slip rings on the shaft with brushes riding on 
the slip rings, Fig. 2. 

Wire resistance strain gages (3) have the required accuracy, 





®References in parentheses are listed at end of article. 
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but the resistance changes, for strains corresponding 
to maximum allowable stresses in both the engine parts 
and the wire resistance elements, seldom exceed one per 
cent of the initial resistance. Therefore, use of a sensitive 
potentiometer and balancing bridge is required, or high- 
gain electrical amplifiers must be used with direct-indicat- 
ing instruments. The ease of application of the small re- 
sistance-wire strain gage and its general reliability make 
it valuable for laboratory work, but its low sensitivity ap- 
pears to rule it out as an aircraft flight instrument. A fur- 
ther disadvantage is the relatively large temperature co- 
efficient of resistance of most of the wire-resistance strain 
gages; normal temperature excursions in aircraft engines 
result in temperature-resistance changes of greater mag- 
nitude than the strain-resistance changes under measure- 
ment; these temperature effects can be eliminated, how- 
ever, by careful adjustment of compensators. 


Applying Strain-Capacitive Elements 


Strain-capacitive elements are used in much the same 
manner as strain-resistive elements, and may be mounted 
either on rotating shafts with slip-ring connections or on 
torque-responsive stationary members of the engine. Here 
an air dielectric condenser is formed of two groups of 
plates or conducting surfaces insulated from each other 
and so positioned that when the assembly is subjected to 
strain, either the dielectric spacing between plates of op- 
posite polarity changes or opposed plate areas alter in 
proportion to the strain, with a resultant change in the 
capacitance of the condenser. The per cent change in 
capacitance which can be obtained for permissible strains 
in engine parts can be large, and for that reason much 
effort has been expended in attempts to utilize strain- 
capacitive elements in strain gages and torquemeters. 
However, space and weight limitations usually restrict the 
capacitance of the strain sensitive element to a few micro- 
microfarads; and therefore even with alternating-current 
power supplies of several hundred kilocycles frequency, 
energy levels in the sensitive circuit elements are so low 
as to require amplifiers ahead of the torque-indicating in- 
strument, with the usually attendant difficulties of main- 
taining calibration. Capacity-sensitive strain elements 
also must be hermetically sealed to exclude oil, moisture 
and dirt; and the uncertain stray capacities of electrical 
connections and of supports are major difficulties. 

Strain-magnetic elements lend themselves to the meas- 
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Fig. 3 — Simplified 
magnetic strain 
gage circuit is re- 
sponsive to smali 
movements of the 
armature A 








urement of small displacements much more readily the, 
do any of the previously mentioned strain-sensitive device #- 
when it is desirable to connect direct-indicating instr, 
ments to the strain-sensitive circuit without internos 

amplifiers. ‘The conventional magnetic strain Bage op 
erates at sufficiently high energy levels that its output cap 
be utilized to drive an indicating instrument directly; ip 
such manner it is commonly used as the sensitive element 7 
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Fig. 4—Above—Magnetic strain gage shown applied tp | 
sun gear of planetary transmission. Compare with Fig,] 


Fig. 5—Below—Schematic view of magnetic coupled 
torquemeter, which does not require slip rings 
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in many precision gages or comparators as well as for ai 
craft engine testing (4). 

It is usually small and operates on conventional alte Bon 
nating-current supply circuits, 60 cycles in the case 1 BB sya 
ground equipment and 400 cycles for airborne equipmet! 
and can take any one of several different forms. The 
shown in Fig. 3 with its connection diagram is simple a! Bout 
commonly used. It consists of two iron-core inductal® 
coils with variable length air-gaps in their magnetic pats BE loa 
Movement of the armature A of Fig. 3 to the left will de 
crease the air-gap of coil Z,, increasing its inductai® 
and at the same time will increase the air-gap of coll £ Bis i 
with a corresponding decrease of its inductance. Since L Bro | 
and Z. are both elements of a four-arm bridge, the o 
put of the bridge indicated by the instrument M will Bi du 
almost exactly proportional to the physical displaceme Bf spc 
of the armature A from its center position, within the w 
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ful limits of the strain gage. The other two bridge arms, 
| and Z,, are usually made part of a center-tapped auto- 
Ng inst. fansformer, which decreases the bridge impedance and 
hterposing fs increases the maximum signal energy available. 

&age op | Magnetic strain gages can be mounted in the take-of 
vutput can wad of the conventional hydraulic torquemeter, replac- 
Irectly; in ng the hydraulic piston and pressure gage. When this 
€ element f.< done, a spring element, usually a short section of steel 
ubing, resists the reaction of the sun gear torque arm 
id the strain gage measures the deflections of the steel 
ube, Fig. 4. They also have been mounted directly upon 
the propeller shaft of an engine or reduction gear as- 
smbly with electrical connections made through slip rings 
on the shaft. 

For shaft mounting, the slip-ring design is likely to be 
jificult from the standpoints of service trouble and con- 
act resistance. On the other hand, there are numerous 
raft engine applications for torquemeters where it is 
deirable if not imperative to measure the twist in a shaft. 
The Magnetic Coupled torquemeter therefore was de- 































Fig. 6—Magnetic coupled torquemeter ‘for propeller shaft 
ofan Allison engine employs many individual air gaps 


nounted strain gage. A schematic illustration appears in 
fig. 5 and a photograph of a typical assembly is repro- 
duced in Fig. 6. Referring to Fig. 5, the shaft is pro- 
vided with three flanges on which are mounted three 
toothed rings of magnetic material, but separated from 
al alte B contact with the steel shaft by means of nonmagnetic 
case  BpPecers made of a metal such as bronze or brass. Over- 
ipmest ‘apping teeth or projections from each of the three mag- 
The @ Betic rings form two sets of air gaps, one set between 
ple a Bouter ring, 1, and the middle ring A, and one set between 
ucla Bouter ring, 2, and the middle ring A. When the shaft is 
bes loaded or twisted in a clockwise direction, the air gaps be- 
ween teeth on rings 1 and A are shortened and the air 
ye saps between teeth on rings 2 and A are lengthened; this 
on 0 elfect the same as moving the armature A of Fig. 3 
ince Z, to the left. 
tt , Magnetic flux flows across the two sets of air gaps, in- 
suced. by the two stationary coils Z, and Z, also corre- 
oe oe to Z; and Z, of Fig. 3. Coils Z; and Z. are 
“wn completely encircling the shaft assembly and the 


for ai 
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ied to eliminate slip rings and still retain a shaft- 


magnetic return paths are through their encasing shells 
of magnetic material and across the radial air gaps be- 
tween the stationary coil assembly and the rotating shaft 
assembly. These air gaps have relatively large effective 
areas and short lengths so that their magnetic permeances 
are large compared with the permeances of the active air 
gaps between the toothed rings; consequently the inser- 
tion of the radial air gaps in the magnetic circuit has only 
a small effect upon the characteristics of the strain gage. 
Normal eccentric movements of the rotating shaft in its 
bearings relative to the stator cause second-order changes 
in permeance of the radial air gaps and finally result in 
only third-order changes in torquemeter calibration. 

When strain-gage elements are mounted on a rotating 
shaft, precautions must be taken to avoid errors due to 
bending moments and compression or tension loads on 
the shaft so that only pure torque is measured. This re- 
quires that a balanced magnetic circuit be used with 
both Z, and Z, responsive to shaft torque loads, and it 
also requires that the sensitive air gaps be distributed 
uniformly around the circumference of the shaft. Slip- 
ring installations of two conventional magnetic strain 
gages diametrically opposite each other on a shaft and 
with their coil circuits either connected in series or in 
parallel have shown a satisfactory lack of response to 
bending loads on the shaft where moderate loads. are im- 
posed. Some aircraft engine propeller shafts are sub- 
jected to bending moments from propeller gyroscopic 
couples in spins that may result in maximum fiber stresses 
of the order of 100,000 pounds per square inch where 
normal stress in torsion is of the order of 8,000 to 16,000 
pounds per square inch. 

Well distributed sets of sensitive air gaps are desir- 
able in such circumstances and Fig. 6 shows a rotor for a 
Magnetic Coupled torquemeter with a large number of 
small individual air gaps in each set around the shaft. 
This particular shaft element is intended to be mounted 
between two existing flanges on an engine propeller shaft, 
and therefore in order to divide circumferential strain due 
to twist in the shaft length between flanges equally be- 
tween the two sets of air gaps. three rotor rings are 





Fig. 7—Magnetic coupled torquemeter designed for the 
engine extension shaft of an Allison engine 
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mounted on a torsionally flexible cage the ends of which 
are permanently fastened to the two flanges. The stator 
carrying the two coils and their magnetic shells is also 
shown in the same illustration, and is bolted to the inner 
thrust bearing retainer cage inside of the propeller re- 
duction-gear housing. 

Another Magnetic Coupled torquemeter, intended for 
use on the extension shaft between the engine and a sep- 
arate propeller reduction gearbox, is shown in Fig. 7. The 
three toothed magnetic rings are mounted on three shaft 
flanges instead of on a flexible cage, and the short shaft 
section carrying the rings is inserted in the extension 
shaft drive with flanged or splined couplings. A better 
mechanical job is obtained when it is possible to mount 
the toothed rings directly upon individual flanges integral 
with the shaft rather than upon the surface of a flexible 
cage or sleeve. 

Effects of ambient temperature changes upon magnetic 
strain gages can be divided into those originating in the 
instrument circuit and those originating in the shaft pick- 
up unit. Temperature effects in the instrument circuit 





Fig. 8—Simplified electrical circuit for a magnetic strain 
gage, employing an alternating-current ratio meter 


are readily corrected by conventional means and atten- 
tion to good design practice. The temperature effects in 
the shaft element are more difficult to handle ordinarily, 
particularly since temperatures may range from —50 de- 
grees Cent. to hot engine oil temperatures. By exercis- 
ing care in design and application, these temperature ef- 
fects can be held within acceptable limits. 

A number of precautions must be observed in apply- 
ing magnetic strain gages on Magnetic Coupled torque- 
meters to aircraft instrumentation problems. The alter- 
nating-current power supplies ordinarily available on 
airplanes may be subject to rather wide variations in volt- 
age and frequency; and while close frequency regulation 
is not essential, the calibration of the torquemeter is pro- 
portional to the supply voltage when a simple circuit such 
as shown in Fig. 3 is used. Therefore a voltage-regulated 
power supply is essential to accurate calibration under 
these circumstances. Since the electrical load is small and 
fixed, the voltage regulator problem is not particularly 
difficult. The power requirements of a magnetic strain 
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gage at 400 cycles is about five volt-amperes, The } 
netic Coupled torquemeter, due to greater iron logs 
flux leakage requires thirty to fifty volt-amperes, (i 
nary frequency variations are compensated for, whey 
compensation is required, by the use of a small Capacitor 
in the meter circuit. On airplanes where the Only avail. 
able electrical power is direct current, it is possible to use 
a small inverter to obtain the necessary 400-cycle power, 
Various regulators, such as the carbon-pile, Saturated re. 
actor, and centrifugal speed-governing type are available 
By designing a unit specially for the job, it is >ossible to 
reduce the weight of the inverter, complete with regul 
tor, to about two pounds per torquemeter on a two-engine 
airplane. 

The indicating instrument usually is a rectifier-type 
milliammeter, and the complete bridge output circuit my 
include the proper external resistances to insure that the 
instrument circuit will provide accurate voltage measur. 
ments of the strain-gage bridge output over wide ranges 
of ambient temperature, input voltage, and frequency, 

Use of a direct-current ratio meter instead of a conven. 
tional milliammeter eliminates the necessity for the vol 
age regulator, and since frequency variations are teh. 
tively unimportant in magnetic strain-gage instrument 
errors, its use has many attractive features. Unfortunate. 
ly, the scale length of present direct-current ratio metes 
is limited to that of a 90-degree meter movement, ani 
the scale is nonlinear. 





Employs Simplified Circuit 


A greatly simplified torquemeter utilizing the magneti 
strain gage working directly into an alternating-curett 
ratio meter is shown in the connection diagram of Fig. §, 
in which voltage regulators, rectifiers, and all biasing ci- 
cuits are eliminated. The stationary coil of the instv- 
ment is energized directly from the power supply sour, 
and the moving coil is connected to the bridge output 
Current is conducted to the moving coil through sf 
gold spirals with a minimum of spring restraint, and the 
moving element comes to rest when the in-phase co 
ponent of the voltage induced in the coil is equal to av 
opposes the bridge output voltage. Since the power fac: 
tor of the stationary coil is usually quite low, the out 
phase voltages induced in the moving coil are small and 
have a negligible effect upon accuracy. Physically ti 





‘alternating-current ratio meter movement resembles the 


conventional frequency meter movement. Close coupling 
between the moving coil and the stationary coil is dest 
able in order to reduce power requirements, and lap 
inated silicon steel or Hypernik magnetic structure used 
Long-scale or 270-degree alternating-current instrumét 
movements have not yet been developed for aircraft we, 
and the alternating-current ratio meter airplane eng 
torquemeters will probably have to wait until such move 
ments are available in production. 
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tifier-type ELEASE of workers as war contracts are terminated will have serioug 
‘an R consequences unless steps are taken to speed up the War Production 
ae Board's four-point program for output of civilian goods. As an example 
Je ranges of the number of men and women who are apt to be available for other 
uency, work—or subject to unemployment—one has only to consider the Willow 
‘ka Run plan to cut production in half during the next six or eight months. It 
pi: > is estimated that, taking the aviation industry as a whole, as many as 
inane 294,000 employees will be released during this period—and this figure 
ortunate. cannot tail to be very much higher if hostilities with Germany cease in 
0 tia the meantime. 
n 
3 Many of the released workers undoubtedly will be absorbed by other 
industries, such as shipbuilding, but here again there are bound to be cut- 
backs if the progress of the war continues as favorably as at present. Thus 

nagnetic a vicious circle will be started, with no sound means to take up the slack 
ae other than civilian production. 
in ci An even more important consideration than the foregoing is the return 
> instru of men from the Services in increasing numbers during the coming months, 
Bas x and the vast quantity of manpower that will become available after peace 
hen is declared—a quantity it would be impossible to absorb even under an 
and the ideal condition of total reconversion and high production. 
‘ta Under those circumstances it is to be regretted that arrangements have 
ver fe been made for Donald M. Nelson, the sponsor of the four-point initial re- 
out: conversion plan, to leave the country on an extended visit to China. It is 
all and to be hoped that during his absence nothing will occur to stymie the WPB 
we “spot authorizations" for production of civilian goods—an idea for which 
ruplin Nelson should be credited. 
i It also is to be hoped that, while machine-building companies can feel 
: J no definite assurance at the moment that manpower and materials will be 
rumett available to them in the near future, eligible concerns will lose no time 
ft use in completing their plans and going after spot authorization to enable them 
eget to reconvert their plants—at least to some extent—as a prelude to full 
yd production later. 

Civilians can get along without the goods but the country can't get 
an along without high production! 
K oy 
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Compact Filter Photometer 


Main elements of this electrical instrument made by Central Scientific 

Co. and known as the “Photelometer”’ include: A small lamp or light source, 
a shutter for controlling the amount of light*passing through the system, 
a lens for concentrating the light beam, a glass cell for holding the solution 
under test, a photoelectric cell for measuring the amount of light passing 
through the sample, and a galvanometer for measuring the current produced 
by the photoelectric cell. Since the photoelectric cell measures only the 
light which strikes its sensitized surface and does not distinguish colors as 
such, a glass filter of proper color for transmitting only the color of light 
selected is required. For this purpose three colored filters are mounted in 
a sliding frame so that each one may be placed in the light beam as needed. 
Voltage for operating the light source is controlled by a constant- 
voltage transformer which delivers a constant output to the lamp even when 
the power-supply line voltage varies as much as 15 per cent from normal. 
The controlling switch pur- 

posely is placed in the pri- 

mary line of the transformer 

to permit a direct line to the 

lamp, thus avoiding the un- 














Li GALVANOMETER 


CONSTANF VOLTAGE certainty of switch contacts 
e] pata teas a in the lighting circuit and 
: ye eaans consequent varying light in- 
3 : tensity. 
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Preheating Molding and Chilling Press 


With fully automatic hydraulic system subject to pushbutton 
and automatic timer control, this press, manufactured by Stereotex 
Machinery Co., is used for making plastic electrotype molds, printing 
plates, matrices, etc. The hydraulic system consists essentially of 
the press proper, V-type rotary pump which is flange-mounted on a 
constant-speed motor, filling check valve, solenoid-actuated four- 
way valves, sequence valves, and a pressure-control valve. An air 
filter is provided on the completely enclosed oil reservoir and an oil 
filter on the suction line of the pump so that there is no possibility 
of dust or dirt getting into the oil or the hydraulic system. A cooler 
is provided inside the reservoir for controlling oil temperature. 

Heating system employed is entirely self-contained and operated 
either by high-pressure gas or electricity. Both systems provide an 
accuracy of plus or minus 2 degrees Fahr. in the automatic tempera- 
ture control of the lower and upper platens of the molding press 
and the preheating press, both of which are heated by superheated 
-water generated by immersion-type heaters. 



























Transformer Arc-Welding Machine 


This “all-weather” welder, manufactured by Wilson Welder 
and Metals Co. Inc., is of the high reactance type in which the out- 
put current is controlled by adjusting the reactance by moving the 
primary coil away from or nearer to the secondary coil. Center 

_core of this shell-type construction is surrounded by the coils, the 
secondary coil being thoroughly anchored to the core, excluding 
all possibility of shifting. The primary coil is carried on a sturdy 
spider the center of which is threaded for an adjusting screw termi- 
nating in the control wheel. 

The secondary open-circuit voltage was selected as the lowest 
value for safety commen- 
surate with good perform- 
ance, and safety of the 
operator is further aug- 
mented by offering a low 
voltage contactor which 
holds the secondary volt- 
age at less than half of the 
open-circuit voltage at all 
times. Operation of this 
contactor is entirely auto- 
matic. The unit is fan 
cooled with an air intake 
at the bottom and exhaust 
on top through louvres. 
All coils are wound with 
fiber-glass-covered wire, 
and mica insulation is used 
throughout. The case is 
easily .removable for in- 
spection and cleaning. 
Eye bolts on top facilitate 
handling by crane. 
































Hydraulic Die Casting Machine 


Combination low and high-pressure vane pump employed in 
the hydraulic system of this die casting machine made by Reed- 
Prentice Corp. offers a maximum pressure of 1000 pounds per 
square inch and has capacity to recharge accumulator bottles in 
three seconds. -Dies are closed by a hydraulically operated toggle 
mechanism composed of electric steel members connected with 
nitrided toggle. pins moving in hardened steel bushings. Die plates 
are heavy steel castings with T-slots for the die-holding bolts and 
are supported by large steel tie bars which form the frame of the 
die locking mechanism. 

Die plate and plunger movements are controlled manually by 
pushbuttons through solenoid-actuated fouz-way valves. From one 
position, the operator can start and stop the motor, operate the die 
plate and plunger, adjust the time clock to control the cooling cycle 
and adjust plunger pressure. The dies can be closed only by 
pushing the die-closing button with one hand and the safety button 
with the other. The plunger will shoot only when the safety inter- 
lock switch is closed and this occurs only when the dies are com- 
pletely locked. The hydraulic oil utilized is cooled by a heavy-duty 
heat exchanger and stored in a tank under the toggle mechanism. 
Built-in furnace is lined with high quality refractory brick and can 
be fired with oil or gas. 


(New machines listing on Page 198) 

































Camera Makes Log 


IN FLIGHT TESTS cameras are set up in the pilot's 
compartment to photograph the instrument panel. 
For this both still and movie cameras are used by 
Douglas. Formerly, a pilot took off with a board 
strapped to his knee to which a pad of paper was 
attached. He was supposed to record the antics of 
the maze of dial indicators before him and transfer 
this information to his report of the test flight. That 
in itself was a job to say nothing of the innumerable 
other chores he had to do to keep a green ship in the 
air. Now the camera does this book work for him, 
making an unquestionable record of the instrument 
indications and enabling the designers accurately 
to appraise the performance of the cratt. 


Future Solders May Be Tin-Free 


WHEN A SOLDERED joint is needed, the designer 
is prone to think in terms of the usual lead-tin 
solders, but has to seek exception from WPB if he 
' specifies more than 30 per cent tin in the solder. 
However, solders containing little or no tin, from | 
to 4 per cent silver, and perhaps small amounts of 
other available alloying elements, have strengths 
superior to the lead-tin solder and are proving so 
usable that the word solder is likely in the future to 
connote an almost tin-free rather than a high-tin 
alloy. 


Design Ingenuity Will Set Pace 


AMERICAN PRODUCTION OF WAR GOODS, phe- 
nomenal because of the tremendous volume attained 
in a period of less than three years, becomes all the 
more remarkable when one considers the amount 
of machinery, equipment and tools which had to be 
built before factories could get under way. In al- 
most every war plant, the trained eye observes an 
abundance of machines and facilities that had to 
be designed specially to do specific jobs. In some 
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instances, these operations were unknown in pean 
time manufacture, or had been conducted on suc: 
small scale that methods used would not meet the 
demands of mass production. But American ;, 
genuity was equal to the occasion, and design en: 
gineers developed the equipment required. (Qy, 
standing among these accomplishments are single. 
purpose machine tools, materials handling device 
testing and inspection apparatus, and the like, Uy. 
der pressure of war, mechanical development ha 
been swift, giving assurance that the approaching 
return to peace-time industry will be on a plone d 
efficiency, productivity and quality undreamed 9 
before Pearl Harbor. 


Trends in Diesel Design 


DIESEL ENGINE DEVELOPMENT stimulated by 
the Navy since the last war has resulted in ther 
being much more diesel horsepower than steam it 
the Navy today. Probably the most spectacula 
trend in diesel engine design, according to |]. ? 
Stewart of B-W Superchargers Inc., has been th 
shift from the 4-cycle to the 2-cycle type in the las 
decade. Before the war 2-cycle engines were rately 
built below 1000 horsepower. Recent statistics 1 
leased by the Navy show that 75 per cent of all it 
installed diesel horsepower is of the 2-cycle ty 
much of it in small engines. Now being develope 
are 2-cycle engines ranging from 15 to 2500 hos 
cower for operation at higher piston speeds tha 
the 4-cycle types. 


Roundup Briefs 


IN DESIGNING heavy equipment, shaved gea 
may be specified from a cost standpoint since 
makers have found it possible to apply the sham 
process to sizes up to 18 feet in diameter with te 
same economies as in making smaller geams::: 
More predictions are heard to the effect that single 
purpose machine tools will find wider favor in pos 
war as well as standard tools with single-pulp= 
fixtures. Motive: Longer, lower-cost runs of mot! 
oroducts. Pressure to reduce costs is expected to b: 


terrific! 
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Tables Facilitate Design of 





Rotating Disks 




























IN peace: 

1 on sud 

meet the 

sticon in By William Knight | 

esign ex . — assumed that the outline of the disk is a hyperbola and 
ad. On Curtiss-Wright Corp., Propeller Division that the effect of the blades is equivalent to having 
re singl their centrifugal forces uniformly disiributed at the 
Rs periphery of the disk. By making such assumptions it 
ike. Th was possible to derive a formula for determining the 
ik. OTATING disk wheels, of which turbine wheels radial and tangential stresses at any point between 
esi are a typical application, are subject to the the bore and the periphery. However, the calculations 
9 triple action of radial, tangential and axial must be repeated several times before the right pro- 
plone of stresses. Of the three, the radial and the tangential are portions for securing the most efficient design can be 
camed of §— the most important; the third can be neglected if no determined. For this reason an attempt was made by 
sudden change in thickness occurs at the hub. the author to rewrite the Stodola formula and to put it 
In his mathematical analysis of disk wheels, Stodola in a shape that will allow its ready use and will yield 


a the desired design data i i ; 
This data sheet is based on a paper presented at a recent meet- 2 8 3 wie few mnutes , 
ing of the Society of Automotive Engineers. A disk of hyperbolic profile is such that the thickness 
y at any point distant x from the center is equal to: 








__ 
ae: Re ee ree eT eee ae ee (1 

where a can be positive, negative, or zero. If «=0, 

to |? y=c for any value of a, which is the case of a disk of 

een the uniform thickness. If ¢ is positive, the thickness of the 

the ks disk is larger at the bore than at the periphery, which 

is the case with all turbine wheels. 

@ rarely If the section of a turbine wheel is tentatively laid 

sks 4 out, the values of c and « that will give values of y for 

f all it various values of x, closely approaching the thickness 

le type of the wheel may be calculated. Thus 

veloped 

) horse _log yi—log ¥: 


(2) 





ds thon «log X2—log x: 
in which y,, and yz are the thicknesses of the wheel at 
two points distant x, and x. from the center, as in the 
accompanying figure. Having found a, c=y;x,;~= 
Yox2*. All the points of a hyperbola that will coincide 
with the outline of the wheel at x, and x, can then be 
found. The outline of the wheel can be slightly modi- 
fied so as to make it follow the hyperbolic profile as 
far as possible, or a hyperbola that will fit more closely 
to the outline of the wheel as laid out may be found. 
It is well to note that, although a variation of the 
hyperbola from the outline of the disk as laid out, in 
points near the bore, will have only a small influence 
on the calculated stresses, any variation in points near 
the periphery will have a decided influence. 
Disk outline may be made a hyperbola, equation to Having found the value of « giving a hyperbola that 
which may be found from measurements at two radii will closely approach the outline of the wheel, the 
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o:=o < BL —m? 
1 : ; Cm***2(my**—1)+ D( mo? — my i~*) as 
values of g, and g; (radial and tangential stresses due to t me a 
; : ; ; 1-¥ ~ + (f) 
the centrifugal force of the rotating disk only) and g, m *#(m * ?—1) i 
and g;’ (radial and tangential stresses due to the cen- - 
° . ° e v,-y¥, vi-¥ 
trifugal force of the projecting masses at the periphery of ; mo! *—-m'* 2 ce 
* ‘ Or =o beech wid ane eta tae 
the disk) can be obtained from Tasies I to V. The ~ Om ei*2_ 1) Trees semen (8) Ba 
‘ , : m ?(m — — 
stresses are given as functions of g (the tangential stress : 2 
of a thin ring rotating at the same peripheral speed as ¥,-¥, ,-*, 3 
the disk) and os (the centrifugal force of projecting o/ =e; sn Nil r 4 
masses at the periphery, pounds per square inch), thus: m~*2(1— my *1~*2) rs 
o, = on, = Radial stress due to disk only 6 
ot = on; = Tangential stress due to disk only where Ei 
or =on, = Radial stress due to projecting masses 8 
o: =on,’ = Tangential stress due to projecting masses. A= (1+3v)(1—»*) B=1.73B 9 
Values of the stress factors are given for selected values B 1+3» 1.9 aE 
of m and my where: 8—(3+9)a eo ye 
r . A 
m= Diameter at any point CaF =1.73y, m 
Outside Diameter of disk — 
A , 
D=—, =1.73y, - 
Diameter at bore B £ 
Mo= = = : 
*’ Outside Diameter of disk Be 
; ‘ ‘ v=Poisson’s ratio (assumed =.3) %, 
The general formulas for o, o; o,’ and g;’ are: : 
a a? 
v-¥ 3¥, LY, v,-¥ waot tet 
: m 2(mo *—1)—m ? +m! ? | 
1-¥, v,- © = 
m *(m)' *—1) Yr=a—yp | 
n 
Table I—Stress Factors for Shape Constant a=2 
Tangential, n,, due to disk Tangential, n,’, due to projecting masses 
t t J 
m m = 
ii 1 2 3 4 5 6 7 8 9) 1.0)? ||—7 2 3 4 5 6 be 8 | 9/10 n 
1 |] 07 | .08 | .097] .118] .135 | .145] .149 | .131 | .122] .082] .1 || .077 | .066| .099| .147| .206 | .272 | .349 | .429 | .522| 616 
2 .262 | .192 | .180 | .181 | .180 | .177]| .157| .148| .105] .2 .240 | .188 | .204] .246 | .303 | .373 | .451 | .539| 3) Bf 
3 .414| .321 | .278 | .256 | .239 | .213 | .191 | .152] .3 .466 | .380 | .371 | .398 | .451 | .514| .596| 64) BI 
4 550 | .443 | .376 | .336 | .292 | .257| .203] .4 768 | .645 | .607 | .617 | .654| .717| ) B 
5 668 | 550} .465| .401 | .353 | .291 | «5 1.172 [b,012 | .940 | .925 | 952 |1.00 | > 
6 .760 | .643 | .553 | .478 | .399] .6 1.71 {1.526 |1.395 |1.355 |1.365 > 
7 .850 | .735 | .646 | 545] .7 2.716 |2.425 |2.170 2.9 a 
8 .903 | .785 | .675 |] .8 4.344 |3.91 5.6 | ’ 
9 95 | .84 | .9 9.25 [8 | 
1.0 1 00 1.0 © ~ 
: 
Radial, n,, due to disk Radial, n,’, due to projecting masses 
m . m +s 
“er 1.1.8.1.» 1.4 1.8 |.6 1.7.1.8.) 5 )19) °H 21 a) ee) ie)? 1 eee 
al o | .069}] .118| .153 | .174| .178| .164| .124] 069] O | 11 0 | .067] .139 | .225 | .325 | .437] .561 | .696| .842) 
—_—l i: 
2 0 | 084] .130| .160 | .166| .156| .120] .069| Oo | .2 0 | .105 | .204] .312 | .427| .555 | .692 | 837) 1 
3 0 | .083 | .127| .149| .144| .110| 069} oO | .3 o | .141 | .270 | .398 | .538 | .680| .835) 2 
4 o | .074| .113 | .128| .100| .065| Oo | 4 0 | .178| .338 | .498 | .657 | 826) 2 | 
5 0 | .059} .088| .o80| 052} O | o5 o | .217| .417 | .608 | 803) 2 
4 0 038 | .051 | .031 0 .6 0 | .270 | .519 | .757 #4 ) 
3 o | 017] .013| oO | .7 o | .357 | 688) 2 
8 0 | .004 0 8 0 510] Ri 
al 14 
9 0 se | 
1.0 0 11.0 
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Table II—Stress Factors for Shape Constant a=1.5 
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n,z, due to disk 


Tangential, n,’, due to projecting masses 
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Radial, n,, due to disk 
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we ay @) 31418) 6) 7) 819180) °! 1 rys)ses)wtw) 8 )_9)10 
1] o | .101 | .154] .189 | .194] .198} .178 | .140 | .087] 0 a o | .131 | .234] .335 | .44 | .557] .656| .767| .881| 1 
2 | o | .104| .161 | .189 | .187| .173| .133| .079| o | .2 0 | .170| .298| .417| .532 | .646| .764| .883| 1 
3 o | 095 | .142| .156| .149| .118| .067| 0 | .3 ~@ | 197] .353] .49 | .619] .747 | .87 1 
anc | 0 | .057| .113 | .123 | .101 | .06 es 6 0 | .228| .407| .565 | .717 | .86 1 
rs 0 | .061| .088| .082| 053] 0 | .5 | @ | .257| .47 | .663| .829| 1 
aa 0 | 051} .06 | .04 S23 Ce eo o | .31 | .s7 | .787]| 1 
ea 0 | .035 | 031! oO | .7 . o | 403] :713] 1 
8 ee o | .o22/ o | .8il o | .sss| 1 
my 0 0 9 0 1 
m 0 | 1.0. 1 

















Table I1I—Stress 








Factors for Shape Constant e=1 






























































































































































































































































































Tangential, n,;, due to disk Tangential, n,’, due to projecting masses 

Ms ted “i m 

)t_|_-2_|_-3 4 Ss 6 7 8 9 j10 7) °|_ 1 2 3 4 S 6 7 8 9 | 1.0 
| -1 |} .295 | 201 | .205 | .216 | .229 | .229| .207| .189| .159] .12 | .1 |] .456| .322| .353 | .408 | .470| .539 | .600 | .654| .703 | .781 
| 2 "463 | 349 | .305 | 286 | .271 | .244| .229| .187| 155] .2 .764| .571 | .540| .559| .604| .650 | .694| .735 | .797 
[1 a 584] .438| .379 | .346| .303 | .268] .231| 185] .3° 1.058 | .835 | .759 | .749 | .760 | .782 | .807 | .882 
| ESS -680.| .536 | .463 | .399| .350| .304| .25 | .4 1.315 |1.180 | .982 | .940 | .924| .923 |1.023 
5 er 739 | .620| .530| .455| .395| .330] .5 1.750 |1.500 {1.400 |1.304 |1.252 |1.290 
tj 2 "819 | .690| .586| .512| .445| .6 2.25 |2.00 |1.846 [1.711 |1.715 
meade sd 4 865 | .739 | .637| .55 | .7 3.186 |2.846 |2.576 |2.49 
| 8 — 909 | .788| .69 | .8 4.926 |4.346 |4.10 
has .950 | .835 | .9 9.76 |9.00 
Lo oe. 10 [10 = 
oe Radial, n,, due to disk Radial, n,’, due to projecting masses 

My m om m 

wit | 2] _3|4)|_8|_6)] 7] 8| 9 ]16 fe or er ae ee ee 
| ti) © | .146| .204| .227| .235 | .231 | .187| .141| 078] 0 | .1 |] © | .249| .383| .490| .589| .692| .763| .845 | .926 

| 2) | 0 | .126 | .183 | .209 | .214] .176 | .133| 076] 0 | .2 0 | .264| .421| .548| .665 | .746| .833] 921] 1 
int 0 | .116| .166| .188| .161| .122| .072| 0 | .3 0 | .270| .453| .605| .706| .812| .912| 1 | 
. SE 0 | .097| .145| .134| .109| 068} 0 | «4 o | .283| .499| .636| .775| .893| 1 
0 | .085| .095| .088| .os8| 0 | .5 o | .325| 525] .711| .87 | 1 
“i 0 | .051| .061| .046| 0 | .6 o | .335| .597| 813] 1 
“!) 2 o | .o31| .03 | o | .7 o | .410| 735] 1 
ic SE eo. | 0 | 016) of 8 o | 560] 1 
- o| of .9 o | 1 
10 0 [10 1 
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Table IV—Stress Factors for Shape Constant a= 5 


Tangential, n,, due to disk Tangential, n,’, due to projecting masses 


m 
3 4 5 
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1.54 {1.205 

1.735 


Jnlela| elie] 


Slololralal ala] w]e] & 
un 
_ 


eleololan 


a 
— 


Radial, n,, due Radial, n,’, due to projecting masses 


m 
5 


3 
8 











Clolral al ale] wlio] = 


Slolelrl aj ala] w 


> SS 


Table V—Stress Factors for Disk of Uniform Thickness, «=0 





Tangential, n,, due to disk Tangential, n,’, due to projecting masses 
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Materials Work Sheet 


Filing Number QO 






Zinc-Base 




















































































































































Die Casting All 
— ASTM No. B86-43 
85 lee Alloys Nos. XXI, XXIll, XXV 
1.63 4.28 
0 ~ ee 
a AVAILABLE IN: Ingots for die casting ‘ 7% 
Alloy XXI Alloy XXIII_ Alloy XXV 
——__ — en 8.5-4.5 8.5-4.3 8.5-4.3 
ANALYSES: BT Ge rns cile.y as 2.5-3.5 1 max .75-1.25 
enn Magnesium ........... .02-.1 .03-.08 .03-.08 
==> EE Shp ok kon d o9« 1 1 1 
962] | ee PE CCCPT CCE .007 .007 .007 
Pre Cadmium, max ........ .005 .005 .005 
ae EE is Ponas wich 005 005 005 
948] 1 BE Fadsk saben te cus remainder remainder remainder 
933| 1 
903 | 1 
855| 1 
6 
: : TENSILE STRENGTH EXPANSION 
: (in. per 6 in.) 
0} 1 
1 
ag 52,100 41,000 47,600 ii as 4s eae paid. ghee ~~ Walia 
After 10 days in 95C steam ...... 44,100 34,300 37,600 After 10 days in 95C steam ...... 0084 .008 .0028 
After 2 years dry aging at 95C.... 39,900 31,000 35,200 After 2 years dry aging at 95C .... .0195 .0013 .0065 
_— After 7 years of indoor aging ...... 48,100 33,800 38,300 After 7 years of indoor aging ...... 0055 .0006 .0004 
waisted TENSILE ELONGATION CHARPY IMPACT STRENGTH 
(per cent in 2 inches) (% by %-in. bars, unnotched, ft-lbs) 
7 40 ———-Alloys ——_—— ey 
=| XXI XXII xXXV XXI XXII XXV 
ie er 8 10 7 CT PORE PTO 85 43 48 
hie After 10 days in 95C steam ....... 8 14 4 After 10 days in 95C steam .... 2 85 a 
: 2 years dry aging at95C .... 8 17 18 After 2 years dry aging at 95C .. 1 86 7 
2 /1.18| B After 7 years of indoor aging .... 5 16 15 After 7 years of indoor aging 7 41 42 
6 {1.381 
“ha 
— PHYSICAL CONSTANTS 
Ew Alloys 
S--| XXI XXII XXV 
{ose | Brinell Hardness (500-kg load, 10-mm ball)............. sp ceedinalastankes ot this iat:iit 100 82 91 
J ata tirreth ss vensvacesnsrcsninegsss+oees 93,000 60,000 87,000 
Eq Electrical Conductivity (per cent of Int'l. Annl’d Copper Std.) ........... 25.28 27.16 26.5 
——~| fF Melting Point (degC) ..... rN MANUGS 5. sabbddbwvombacoes Cayesete 379.5 380.9 $80.6 
ac cvuddvabahocahavesiecnesods 715.1 717.6 717.1 
I 29... 500 5. oh esaeanewh einveecayee 116,000 95,000 105,000 
IISA SR reat keer nee 46,000 31,000 88,000 
a re on EE os nos, os ve nemenaha bug eevee 879.3 380.6 380.4 
Bete Seetiesllon Polat (deg F) .............2csccececcncersececcnseseess 714.7 717.1 716.7 
| 1) ff Stlidification Shrinkage (in./ft) .............0cceccecceesecseeeeues 15 14 14 
ho vay osc oss ws scdpirhe beeen aeiebtaueds 6.7 6.6 6.7 
To Specific Heat i iid ook i td nit tee cians RY. 5 ue Jl | Jl 
Th! Conductivity (cal/sec/sq cm/cm/deg C) at 18 C .............04. 25 27 .26 
a REI LO OT At ee 0000277 0000274 0000274 
1B a OE NS << “SN ea ee See 0000154 0000152 0000152 
io — ES So foo w's.c cape edn wee dcccbnoinies 22 27 16 
NN See Pe ee ne ee eae 24 2A 24 
] ee Macuny m Desicn is pleased to acknowledge the collaboration of The New Jersey Zinc Co. in this presentation. 
ies From tests conducted by The New Jersey Zinc Co. on specimens cast in dies of most improved design using latest casting technique. 
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CHARACTERISTICS 


While these three alloys are similar in general properties, 
each has been formulated to emphasize some specific property 
or combination of properties. Alloy XXI emphasizes hardness 
and tensile strength. Alloy XXIII, compared to the other two, 
retains impact strength better and has better dimensional sta- 
bility. Alloy XXV combines most of the strength of Alloy XXI 
with dimensional stability and impact strength approaching 
that of Alloy XXIII. Both Alloy XXI and XXV have excellent 


resistance to corrosion under severe atmospheric exposure. 


APPLICATIONS 


In a broad sense it may be said that die castings are suited 
best for machine parts which would be excessively expensive 
if made as built-up stamped and formed units or as mass- 
produced sand castings requiring a good deal of machining. 





are satisfactory for most work although high-speed 
Stellite and carbide tools often are used to advantage ™ 
most machining is done dry, for particular work “a 
deep drilling and tapping, a lubricant makes for , 
smoother cutting, better finish and tends to promote a 1 : 
and reduce tool breakage. 7 











DRILLING: 


High speeds and slow feeds are recommended. 
generally range from 200 to 300 feet per minute surface gy 
for high-speed steel drills and 100 to 150 feet per mini 
ute for carbon steel drills. Common practice is to num 
bon steel drills for shallow holes and high-speed sted 
for deep holes. Standard drills ground to the standandw 
included angle of 118 degrees and having a lip clearana 
at least 12 degrees are satisfactory. To prevent drills i 
“grabbing”, often small flats are ground along the cutting ed 
producing a zero rake angle. Use of lubricant during ¢ din 
is desirable but not absolutely essential. a 


REAMING: 


Keen-edged, deep-fluted standard reamers having six straight 
flutes and narrow lands are used commonly for machine rep. 


Parts which have been die cast successfully of these alloys 7 e ; ¢ 
are veritably legion and a listing approaching completeness mg although inserted-blade type a satisfactory b, 
would be of inordinate length. For the sake of brevity the rigid. Wide lands tend sa produce burnishing and genenif és 
following typical applications are offered as indicative of the heat. In general, land width should not exceed .015ink eve 
entive field: Flute faces usually are ground to zero rake and the clear: i 
Housings for sanders, band saws, air compressors, spray guns, angle back of the land generally approximates 10 degres wt 
electric drills, gears, grinders, etc. Housings, frames, gears, If spiral-fluted reamers are employed, the spiral should be po wil 
cams, levers, pulleys, links, etc., for all types of business ma- nounced. Rose reamers are not recommended. use 
chines such as typewriters, cash registers, calculators, etc. Also TAPPING: wh 
similar parts on automobiles, textile machines, coal stokers, . ect 
pumps, meters, telephones, vacuum cleaners, washing ma- Where standard threads of fine or medium pitch are im 
chines, ironers, oil burners, cameras, etc. quired it is, in most cases, less expensive to tap than to cf thy 
the thread around a core which subsequently must be oF oy, 

FABRICATION screwed. However, many times when coarse pitch thread af yg 

threads of special shapes are needed, it is more economical bj 

It is generally recognized that one of the primary ad- cast them. When specifying the size of cored holes for up f,, 
vantages of using die cast parts lies in their need for com- ping, it is well to bear in mind that core pins require smy }, 
paratively little or no machining. For many applications, taper. Thus, the diameter at the small end of the hole ms§ .. 


holes and bearing and mating surfaces “as cast” prove ade- 
quate without additional processing. However, in cases where 
the degree of accuracy in size or the quality of surface finish 
in the “as-cast” state is not sufficient, various kinds of machin- 
ing are utilized. 


MACHINABILITY: 


All three of these alloys have good machinability and are 
comparatively soft. In general, high speeds and light cuts 
yield best results. Ordinary hardened high-carbon steel tools 


be large enough not to “squeeze” the tap, causing breakage, 
while at the opposite end the hole must not be excessively larg. 
Generally the thread at the large end should be no less than 
per cent of full depth. Where difference in hole diameter due 
to core-pin taper is excessive, as with deep holes, it is best 
specify drilling or reaming to remove the taper in the hol 
before tapping. EF 
In the majority of cases standard taps are satisfac 
Ample chip clearance must be provided. For holes @ 
about 36-inch diameter, two-fluted taps are preferred, wilt” 
(Continued on Page 152) 


PROPERTIES AT SUBZERO AND ELEVATED TEMPERATURES* fi 


Testing Temperatures ——————__ 








¢ 
-#2C -#C oc 21C aoc 68 
—40F -—4F 32 F 70F 104F 
nsile Str h i 4 
” Alloy XXIII (Psi) SAT Cli cede | + een oe 44,800 43,700 41,300 41,000 — 35,500 * , 
I aS RB! 2 ibe, fs eels sd < eres ber beeps 48,900 49,400 48,300 47,600 42,900 ; 
El tion in 2 inches (per cent) ( 
eo XXIII ..... be Ee oe hat 3 4 6 10 16 4 | 
ee ta wuen soe seaaacenseehs 2 8 6 7 13 
Charpy Impact Strength (% by % in. bars, unnotched, ft-lbs) “ P 
ee og DERE rhe exedies acess 2 4 23 43 - 8 
REIS Les Reais °C Ca 2 4 4l 48 : 
Brinell Hardness (500-kg load, 10-mm ball) ; 8 | 
Alloy XXIII — " ae os Sn 91 87 82 82, -~ Fr | 
Ne hs ec xvas we Sn pe pg 107 104 99 91 | 


®From tests conducted by The New Jersey Zinc Co. on specimens cast in dies of most improved design using latest technique. 
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DESIGN TIPS 


Srups—Right Center—Being less cost- 

y, studs as an integral part of a casting 

8 are preferable to inserted studs. How- 
ever, to avoid damage in handling they 

should be cast to as large a diameter and 

as short a length as well-balanced design 

will permit. Unthreaded studs should be 

ued in conjunction with speed fasteners 

wherever possible because they are more 

economical to cast and possess higher 

impact strength than threaded studs. It 

) threaded studs must be employed they 
can be strengthened considerably by 

using %-inch fillets at their bases. Also, 

it is good practice to allow about %-inch 

from the end of the thread to the stud 

base and, to facilitate handling and as- 

sembly, the stud tips should be chamfered. 





Bosses — Above — Because external 
threads, through notch effect, lower the 
mpact strength of studs, tapped bosses 
are stronger than and almost always more 
desirable than threaded studs. About 
*inch should be allowed at the bottom 
of the tapped hole for chip clearance. If 

iS Is not done, frequent tap breakage 
will result. Countersink should be about 
1/32-inch larger than the outside diam- 
eter of the thread to facilitate tapping 
and assembly, 
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Prain Frat ArEas—Left—When of considerable size, plain flat areas required 
to be cast with an exceptionally smooth surface such as would be suitable for plating 


are difficult to produce, lead to high rejections and attendant increased costs. 


Elim- 


ination of this casting problem without introducing finishing difficulties may be 
effected by slightly curving the flat areas or by breaking the surface with some simple 


design such as in shown in the illustration. 








UnpEercuts—Below—Generally are so 
costly that every effort should be made 
to avoid them. Views A and B show how 
undercut was eliminated by redesigning 
hub section of hand lever. Views C and 
D show how, by extending screw boss to 
base wall of housing, undercutting was 
made unnecessary. 





SHapow Marks —— Left — Often 
where smooth surfaces of thin sections 
are backed up by ribs, bosses or studs, 
blemishes known as “shadow marks” 
appear on the surface directly op- 
posite the protrusions. These shadow 
marks can be prevented by keeping 
the thickness of the casting above .l- 
inch or by designing the width of the 
underlying protrusion to a dimension 
no greater than 80 per cent of the 
wall thickness. Where these methods 
are not feasible a simple external de- 
sign directly opposite the protrusion 
may be used as an effective camou- 
flage. One such design is shown. 





METAL-SAVING CorEs —- Above 
—Many times significant cost sav- 
ings can be realized by eliminating 
excessive metal in die castings 
through judicious coring. How- 
ever, such coring is justified only 
when the saving in metal does 
not weaken the casting or adverse- 
ly affect the ease with which the 
part can be finished. Views A and 
B illustrate a part in which such 
coring was justified. In the part 
shown in view C, considerable 
metal was saved by coring and 
springing a die-cast cap over the 
bottom of a hollow handle. 








| 
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TAPPING: (Con’d.) 


the larger sizes, taps having one flute less than standard often 
are preferred. When tapping “through” holes not more than 
two diameters deep, spiral-pointed taps give good results. 
Regular straight-fluted taps are recommended for blind holes. 
As is the case with drilling, lubrication..is desirable but not 
absolutely essential. ee ges 

It should be added that tapping sometimes may be dis- 
pensed with entirely by using self-tapping screws which work 
quite satisfactorily with these die casting alloys. 


SPOT FACING: 


Tools having an odd number of large teeth with plenty of 
chip clearance between them are recommended. For long 
production runs carbide-tipped tools are desirable. Teeth 
should be ground with no rake and a clearance angle of about 
12 degrees. 


PUNCHING: 

When properly supported by lower die, casting walls up 
to %-inch thick may be punched and sheared often at higher 
production rates than are possible with drilling. It is com- 
mon practice to remove flash and casting fins by punching. 


BENDING AND FORMING: 


These alloys are sufficiently ductile to permit bending and 
forming. Thus where it is not practical to cast a part to the 
desired shape, final forming often may be effected in a suit- 
able die. Bending and forming operations on castings made 
of Alloy XXI should be performed immediately after cast- 
ing because it is then in its most ductile state. Alloys XXIII 
and XXV may be bent or formed with equal ease any time 
after casting. If it is desired to make the metal more duc- 
tile, mild heating from 150 to 212 degrees Fahr. may help 
but seldom is necessary. In any case bending and forming 
should not be attempted at temperatures below 70 degrees 
Fahr. 


a FINISHES eo 


ett. 


-PLATING: 


The following is offered merely to acquaint the reader with 
the types of coatings which are being applied successfully 
and, in general, basic data concerning commercial procedure. 
It is not intended to serve as a basis for specification. 

All of these alloys will take platings of brass, copper, nickel, 
chromium, gold and silver. Quality of finish depends large- 
ly on preparation of the part prior to applying the plating. 
Thus, to insure the high degree of luster desired, it is neces- 
sary, after trimming the castings of parting fins and gate 
stubs, to polish or buff the surfaces requiring plating. Proper 
cleaning after polishing or buffing is an absolute “must”, for 
without it adherence of the plating will be impaired. Pre- 
liminary removal of grease often is done in a degreasing unit 
using trichlorethylene. This generally is followed by alkaline 
cleaning, thorough -alternate rinsing in hot and cold’ water 
and finally a suitable acid dip. 

Actual plating is effected either by procedures generally 
employed for other metals or by slight modifications of such 
procedures. 


tU. S. Patent No. 2.035.380 
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As is the case with plating, quality and adherence of 
ganic coatings depend in great measure on the hore 
with which the parts are cleaned prior to application 
finish. Cleaning procedures used on parts to be eu 
or lacquered are similar to those used where Plating § 
quired. Most zinc-alloy die castings which are finished 
lacquers or enamels, are phosphate pretreated to imp 
hesion. Organic coatings commonly applied to metals {iis 
two general classes: Those which harden at room temas 
and those requiring baking. Usually the baking-type | 
are more strongly adherent to zinc than the air-dry 


LACQUERING AND ENAMELING: | 


« 


— oe 


RESISTANCE TO CORROSION” 


All three of these alloys offer resistance to atmospheits 
rosion approximately on a par with rolled zinc and jiy 
ized iron. Where close fitting parts are exposed to the wa 
and must be kept easily movable, the thin film of com 
products which may cause binding can be avoided bya 
the Cronak Process* which forms a thin golden-browng 
sion-inhibiting film on the part surfaces. In general, ae 
cants of animal fat origin ever should be used with paris 
of these alloys. Data on the corrosion resistance of thes @ 
loys to specific materials follows: 


HYDROCARBON FUELs AND LUBRICANTS: In the abn 
of moisture, zinc-alloy die castings are strongly resistant 
attack by acid-free hydrocarbons. In the presence of wit 
some corrosion takes place which, while not seriously ¢ 
mental to the strength of the casting may, in the case off 
handling devices, create some binding or clogging etd 
While the best means of preventing such corrosion is to ke 
water out of fuel that comes into contact with the die casting 
many cases exist where this cannot be accomplished em 
omically. In a number of such instances use of the Crm 
treatment is standard practice. 


Ink: As the use of zinc engravings and _lithographiy 
plates in the printing industry indicates, printing inks lu 
little or no effect on zinc. However, zinc-alloy die casting 
are strongly attacked by ordinary writing ink and are ow 
recommended where this is present. 


Atconot: Although pure ethyl and methyl alcohol are o» 
siderably less corrosive to zinc than water, mixtures of alcohd 
and water are more corrosive than water alone. This fat 
combined with the probable presence of iron rust, makes 
desirable the use of zinc-alloy die castings in automo 
cooling systems except in the presence of a suitable inhibite 
The use of zinc-alloy die castings in direct contact with pe 
able alcoholic mixtures is not recommended. 


GtycERINE: While it is true that pure glycerine prod 
a smooth light etch on the surface of these alloys, glyceri 
operated door checks and similar devices can be made silt 
factorily of zinc-alloy die castings. Glycerine-aleohol mixtu 
produce only a light surface etching when a pure grade © 
glycerine is used. However, the presence of water or the us 
of a low-grade glycerine will result in pitting. 


Soars AND CREAMS: Ordinary good grade laundry s# 
have a definite inhibiting effect on the corrosion of mnt 8 
hot water. Tests on die-cast zinc-alloy washing m 
agitators, extending over several hundred hours of operalins 
clearly show the strong resistance of these alloys to comrosit 
in hot, soapy water. While nickel electrodeposits ™ 
used as a means of improving the appearance of such pats 
they are not required to improve serviceability. J J 
coatings are a source of black discoloration on the 
should be avoided. The thin film of zinc stearate a 
forms on the surface of zinc in contact with oe d 
has not only protective value but lubricating qualities 3s 
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SLEEVE TYPE BEARINGS 


When you plan ahead.... 
PLAN RIGHT 


@ Designers of the future have an excellent opportunity now 
to discard outdated methods and materials . . . to adopt newer, 
more efficient ideas. The American public is ready for and 


hy expecting drastic changes in the products of peace. They will 
= demand greater efficiency, increased comfort and longer life 
om in practically every item they purchase after the war. 
re nt How will your new product meet this demand? 
If it contains a motive unit, it will pay you to investigate the 
ile distinct advantages of using SLEEVE TYPE BEARINGS. 
97 Smooth, quiet operation ... long, dependable service... 
oe low cost and easy assembly are yours when you select the 
le salt right bearing for each application. 
he Making this selection is an easy matter indeed. Simply call in 
a Johnson Engineer. Permit him to study your requirements. 
the wt As we make ALL types of Sleeve Bearings we base all our 
recommendations on facts .. . free from all prejudice. There 
; sm is a Johnson Engineer as near as your telephone. Call him 
ci 3 in—TODAY. 
ci DISTRICT SALES OFFICES : Atlanta * Boston * Buffalo * Chicago * Cincinnati * Cleveland * Dallas 
ati Detroit * Kansas City * Los Angeles * Minneapolis * New Castle » Newark * New York * Philadelphia 


Pittsburgh * St. Louis * San Francisco ° Seattle. 


1 JOHNSON @@™® BRONZE 


vm SLEEVE BEARING BEARING HEADQUARTERS 


* 525 §. MILL STREET Wie NEW CASTLE, PA. 


on 
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PROFESSIONAL 


VIEWPOINTS 


‘, .. jet propulsion made easy”’ 


To the Editor: 


I cannot refrain from commenting on the article on the 
jet propulsion engine in the July issue. As an engineer 
one may have no intention of working with such equip- 
ment and development; however, again as an engineer 
one is interested in something more reliable and technical 
in the way of discussion of new developments than is 
offered in the newspapers and “popular” periodicals. In 
his article Mr. Carmichael has done an excellent job of 
furnishing such a discussion. The basic fundamental 
theory is explained so simply as to be easily under- 
standable. It is not complicated by minor details and 
variations. The whole general explanation is equally 
simple, permitting instructive and entertaining reading. 
Please continue your presentation of articles of this type. 

—R. E. Orton, Chief Engineer 
Acme Steel Co. 


‘*. . . designing for adhesives”’ 


To the Editor: 


We have read with interest John Delmonte’s article 
in the May issue of MacuHtInE Desicn entitled “Cemented 
Assemblies—Their Place in Design”. 

It has been our contention throughout, based upon 
our experience in manufacturing structurally with Cycle- 
weld cement, that in order to obtain 100 per cent efficiency 
with any adhesive in such manufacture, the place to begin 
is on the design board. Obviously, an assembly designed 
to be attached with rivets, spotwelds, bolts and screws, 
or other methods, will not allow the manufacturer to 
obtain 100 per cent efficiency from a tooling, labor 
or practical angle with adhesives. 

Therefore, we congratulate Mr. Delmonte for his 
viewpoint, and also your magazine for its foresight and 
consideration of this most important matter—designing 
for adhesives. 

—S. G. SAUNDERS 
Cycle-Weld Division 
Chrysler Corp. 


«|. . why use calculus”’ 


To the Editor: 


The article “Calculating Weights of Fillet Sections”, 
published in the June issue of Macuine Desicn, is inter- 
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esting and potentially helpful if the calculator happens 4 
have a working knowledge of calculus. It seems easy 
able to suggest that, whenever possible, equations { 
such calculations should be derived from the simp: 
branches of mathematics. In other words, if the say 
result may be obtained by the use of geomety ai 
trigonometry, why use calculus? 

Geometric equations for computing the volume » 
weight of circular fillets are fairly simple for fillets havin 
a 90-degree arc, and not too complicated for fillets wih 
ares of less than 90 degrees. Fundamentally, the caleih. 
tions are based on the theorem of Pappus, which may lk 
expressed as follows: Let A represent the area of a plaw 
figure revolving about an axis in its plane but not cutting 
it, and let S represent the length of the circular arc tracel 
by its center of gravity. The volume is equal to As and, 
for one complete revolution, the volume will be 24 
where p is the radius distance from the axis to the cente 
of gravity of A. 

In Fig. la the volume of the concave filleted sectia 
will be found by subtracting the ring generated by th 
sector ABC from the disk with radius R and thickness: 
Any handbook will show the center of gravity of a 
degree sector to be on a line parallel to one of the straight 
sides of the sector, and at a distance of G=4r/%r- 
.4244r. The radius of the path described by the cente 





























A 
(a) (b) 


Fig. 1—Diagram for calculating 90-degree filleted sectiot 


of gravity of the sector is R—.4244r. For a convex ile 
section, Fig. 1b, the volume of the ring genera om 
section ABC is added to the volume of the disk 
radius R and thickness r. 

For a filleted section with an arc of less than 90 yi 
Fig. 2, the calculations are not as simple, but the . 
result may be obtained without the use of calculus. 

(Concluded on Page 182) 
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Multiple piece motor frames— 








| 
| 
| or OuTE 


(4 


10 YOUR SPECIFICATIONS 


@ Why not consult us about 
multiple piece motor frames and 
Lé their advantages? Our experience 

covers a wide field of this type 
action of work, including the forming 
and welding of the frame itself 


a ... Shrinking an outer band 
- wil over the inner band... welding 
pres of bracket pads and other multi- 
- ple piece work: for motors. We'll 


be glad to consult with you on 


194 
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the saving of materials and ma- 
chining. We are prepared now 
to talk about this type of con- 
tract work for postwar produc- 
tion. Get in touch with us today. 


“Ueueland 


WELDING COMPANY 


WEST 117th STREET at BEREA ROAD « CLEVELAND 7, OHIO 
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Equalizes Flow to Two Fluid Motors 


‘\YNCHRONIZED movement of two fluid <gotors or 
hydraulic actuators is a requirement in q number of 
applications such as aircraft landing flags, wing tip floats, 
and landing gear and other parts which. must be actuated 
simultaneously. A flow divider consisting of two coupled 
units similar to gear pumps and actuated by the fluid flow 
may be employed for this purpose. However, in the event 
that the resistance to operation of the fluid motors is not 
the same due to differences in aerodynamic forces, etc., 
synchronism is not obtained because the volumetric effi- 
ciency of the gear type of divider varies with the resist- 
ance to flow. Means for imposing equal pressures on the 
discharge lines from the flow divider, thus insuring equal 
volumetric efficiency and equal flow, are covered by 








Seal 


Tesh. 
i To fluid motor 


- Poppet valve 
+ Orifices 


Return valve 


From pump 


Pressure equalizer insures equal discharge pressures from 
the two sides of flow divider, resulting in equal volumetric 
efficiencies and equal flow to the two fluid motors 


patent 2,343,912 recently assigned to Pesco Products Co. 

The complete equalizer assembly shown in the accom- 
panying illustration consists of the flow divider and pres- 
sure equalizer. Pressure equalizer housing contains two 
identical valve assemblies each of which consists of a 
spring-loaded poppet-type valve, the upper part of which 
‘is in the form of a piston with a hydraulic seal. Spaces 
above the two pistons are interconnected. 

Should the pressure of the fluid passing the right-hand 
‘valve increase over that passing the left-hand due to 
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Noteworthy Patents 









increased resistance at the unit actuated by the corresp a 
ing fluid motor, fluid will pass around the clearance of te 
right-hand piston and through the seal which, it will “ 
noted, permits fluid to pass up through it but not ip J 
reverse direction. This fluid will pass over into the space 8 i 
above the left-hand piston and will tend to foe that 
piston downward inasmuch as the piston seal will ng 
permit fluid to flow past it in the downward direction 












Pressure Difference Controls Valves 






Pressure forcing the left-hand valve toward its seq 
is equal to the difference in pressures at the outlets tp 
the two fluid motors. The increased drop in pressure 9h 
across the left-hand valve due to the restriction results in § 
creating a pressure at the left-hand inlet to the pressux F 
equalizer exactly equal to that at the right-hand inlet, 
Thus the respective sides of the flow divider function 
with equal volumetric efficiency and identical quantities 
of fluid will be transmitted to the two fluid motors. 

To effect the return of liquid forced above the piston” 
there is provided a central passage in communication with 
the spaces above the piston and ‘connecting through a 
nonreturn valve with the space below the right-hand 
valve. Liquid which has accumulated above the valve 
thus leaks back whenever the pressure below the valve 
drops below the pressure above the piston. 






















Electrically Controlled Transmission 





LECTROMAGNETIC brake and clutch devices 
the eddy-current type are employed in an automo 
tive transmission design covered by patent 2,343,291, re 
cently assigned to the Chrysler Corp. The complete trans 
mission includes a manually controlled two-speed and Ie 
verse synchromesh unit and a governor-controlled two 
speed planetary unit. For the lower of the two speeds i 
the planetary unit the sun gear is held against rotation by 
means of the eddy-current brake, while the engine drive 
the ring gear and the output is taken from the spide 
which carries the planet pinions. This gives speed reduc 
tion and torque multiplication as required for starting ® 
acceleration. One-to-one ratio is obtained by de-energz 
ing the brake and energizing the eddy-current clutch 
which locks the planetary gearset. 

- Applied to an automotive transmission, the planet 
unit functions automatically at predetermined engi 
speeds to change the ratio between first and 
speeds, or between third and fourth, depending upon th 
ratio of the manually controlled unit selected by the dat 
The shift between second and third is effected manually, 
the controls providing for momentary de-energiziNg 
both brake and clutch to allow the sliding shift to 0 
without the necessity of pedal de-clutching. 
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PEASE Continuous Blueprinting and Processing Machines can 
easily be adapted to meet any printmaking requirements. Using 
a Pease “22-16” Continuous Blueprinting Machine as basic equip- 
ment, you can have a complete printmaking department capable 
of producing any kind of tracing reproductions by simply using 
the Pease “700” Multazo Whiteprint (Dry Direct Process) Devel- 
oping Machine in conjunction with the printer only, or by add- 
ing the Pease “K” Continuous Wet Direct Process Developing 
Attachment to the equipment. 


PEASE ‘‘22-16’’ Continuous Blueprinting and Processing Ma- 
chine is fast, economical and easy to operate . . . makes sharp, clear, 
contrasty Blueprints, Blueline Prints, Brownprints (Negatives) 
and Brownline Prints. 


PEASE ‘'700’’ Continuous Multazo Whiteprint (Dry Direct 
Process) Developing Machine is a table model developer. Prints 
can be easily and quickly developed on it, after exposure on the 
Pease “22” Printer or any other printer. 


PEASE ‘‘K’’ Continuous Wet Direct Process Developing Attach- 
ment, consisting of a developer tank, tray and rolls, is bolted 
directly to the printer to make Wet Direct Process Prints. The 
prints are dried and delivered in the same manner as blueprints. 


PEASE SENSITIZED PAPERS, made of carefully selected No. 1 
paper stock uniformly coated, assure you of sharp line Blueprints, 
Blueline Prints, Brownprints (Negatives), Brownline Prints and 
Multazo Whiteprints (Dry Direct Process). For your protection, 
every roll is wrapped in moisture-proof and light-proof jacket 


with rip-cord. 
Write for Literature and Prices ... 
No obligation, of course. 


THE C.F. PEASE COMPANY 


2606 WEST IRVING PARK ROAD + CHICAGO 18, ILLINOIS 
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Centrifugal Pumps and Blowers 


_ By Austin H.-Church, associate professor of machine 
design, New York University; published by John 
Wiley & Sons, Inc., New York; 308 pages, 5% by 
8% inches, clothbound; available through MACHINE . 
Desicn, $4.50 postpaid. 


Whether your interest is in actually designing cen- 
trifugal pumps and blowers, or in engineering such com- 
mercial units into some kind of mechanical equipment, 
this book will give you the required data. As the au- 
thor points out in his preface, the application of these 
units is well-nigh universal, many fields would be seriously 
handicapped without them, and it is surprising that there 
are so few modern texts on the subject. 

The book is at once basic and technical, which sounds 
paradoxical but is nevertheless true. This is just an- 
other way of saying that the author takes care to ex- 
plain things in everyday English before expounding in 
the language of higher mathematics. After chapters deal- 
ing with principles of fluid flow and basic theory of de- 
sign, the author proceeds to sections on speed and effi- 
ciency, design of vanes, pump impeller types, details and 
materials, applications and selection, etc. It is an au- 
thentic little volume, adequately illustrated. 


Oo. .0 0 


Process Practices in the Aircraft Industry 


By Frank D. Klein Jr., senior metallurgist, Materials 
Control branch, United States Army Air Forces; pub- 
lished by McGraw-Hill Book Co. Inc., New York; 266 
pages, 6 by 9 inches, clothbound; available through 
Macuine Desicn, $2.75 postpaid. 


Working in collaboration with numerous materials, 
parts, and aircraft producers, as well as with many au- 
thorities on processing, the author has prepared a good 
practical reference book. It generally is recognized that 
the most significant recent advances in engineering meth- 
ods have been made in the aircraft industries and many 
engineers working in other fields can learn much by study- 
ing aircraft-industry procedures. In this book are dis- 
cussed the latest methods utilized in processing materials 
and parts for use in aircraft. 

Procedures followed in procurement are dealt with at 
the outset, accompanied by extensive tables of Army and 
Navy specifications applying to most of the materials 
used in aircraft. Aluminum and magnesium are covered 
at considerable length, but the data on steels seem ab- 
breviated. Some fine tips on design and drafting tech- 
nique are presented with the aid of neatly rendered draw- 
ings and‘ there are a wealth of data-dn corrosion-resistant 
and decorative finishes. 
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___.«. ing the title “Angular Spacing Tables”, its price is 





ASSETS to a BOOKCASE 










Practical Design for Arc Welding 
a , “a 

This is a refreshingly different kind of technical ly 
for it tells its story in pictures and symbols rather than; 
words. Do you want to know how a machine bay 
gearbox, a radiator shell, a fan rotor should be welds 
A glance at the drawing of a similar unit along withjy 
symbols in this book will show you the proper type 
weld to specify. 

We need more books like this one. Its author reo 
nizes that the machine designer is not as greatly interested 
in lengthy dissertations on welding theory, metalluged 
aspects, etc., as much as he is in purely practical inform. 
tion—the “end results” as it were—which he can put 
good use in his everyday work. 

If you have little time for study, yet are eager to kes 
abreast of modern arc-welding practice, this book is fr 
you. It is authored by Robert E. Kinkead, consulting a. 
gineer on welding, is published by The Hobart Bros. (a, 
Troy, Ohio, and is the first volume of a three-volume st 
It contains 100 design plates, 8%4 by 11% inches, is chth- 
bound and is available for $3.50. 








The Oxy-Acetylene Handbook 


There is little about oxyacetylene welding that one car 
not find in this book. It seems to tell the whole stoy. 
For the serious student, there is a good deal about lit 
iorical developments, metallurgical aspects, etc. For the 
practical man who is primarily concerned with “how t 
do” and “what to specify”, the bulk of the book ofes 
much on the oxyacetylene welding of common comme 
cial metals, both ferrous and nonferrous. 

It is a well-prepared manual, amply illustrated, o 
tains 587 pages, 6% by 9% inches, is published by The 
Linde Air [Products-Co.of New York and is available fa 
$1.50. 


Angular Spacing Tables 


An elaborately prepared loose-leaf book of angul 
spacing ;tables has recently been compiled and pub 
by Vin¢o Corp. Used for computing and checking t 
spacing of teeth in precision gears, splines, index p#® 
etc., the tables—covering all spacings up to 200—ist ¢ 
visions carried out to one-thousandth part of a eee 
The appendix of the book gives fundamental dividing 
angles in degrees, minutes and seconds, degrees and 
imals of the degree and in circular measure (radia. 
Conversion tables and important constants are 
also. 

For the design and checking department of concert 
engaged in the manufacture of precision gears, %" 
etc., this book should prove extremely helpful. Can 
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New PARTS AND MATERIALS 


Engine-Driven Fuel Pump 


ORIGINALLY DESIGNED for aircraft but adaptable to 
other applications for liquid handling, a new lightweight, 
high-pressure engine-driven pump has been announced by 
Romec Pump Co., 101 Abbey road, Elyria, O. This gaso- 
line pump weighs 2% pounds and delivers 400 gallons per 





hour at 2500 revolutions per minute. Its pressure range 
is from 6 to 35 pounds per square inch. Designed to 
withstand extreme temperatures, the pump is precision- 
built with balanced type relief valves and with low- 
temperature shaft seals. 


Terminal Block for Subpanels 


FOR ELECTRONIC and electrical designs requiring 
external terminals, the new feed-through terminal block 
of Curtis Development & Mfg. Co., 1 North Crawford 
avenue, Chicago, is proving convenient and simple for 
subpanel mounting. The terminal block consists of in- 
dividual feed-through terminals, molded in bakelite and 
permanently held in a metal strip in any combination de- 
sired. Production now includes blocks having any num- 
ber of units from one to sixteen. However, because of 
the sectional design, blocks can be supplied with any num- 
ber of terminals desired. Ample clearances and leakage 
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distances are provided for circuits carrying up to 30) 
volts, 20 amperes. Center to center distance betweeq 
terminal units is %-inch. No. 8 screws are used on eagh! 
side. : 


Phenolic Molding Compound ' 
i 
MMIICA-FILLED and based on a newly developed phengl 
formaldehyde, a new material designated as Resinox 7934 
has been announced by Monsanto Chemical Co., St. Louig 
4. Its principal advantages as an insulating medium it 
high frequency apparatus are low dielectric constant ang 
power factor, low water and moisture absorption, ang” 
relatively high heat resistance. : 


Potentiometer Redesigned 





CAPABLE OF withstanding extreme vibration and me. 
chanical abuse encountered in wartime service, a new 
version of the Type 58 wire-wound potentiometer or rheo- 
stat has been developed by Clarostat Mfg. Co. Inc., 285-7 
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North Sixth street, Brooklyn. This new control diffes 
somewhat from the previous Type 58. A metal strap Of 
the shaft face provides for the two-position locating pil 
which cannot break or tear off. Also, the metal strap 
grounds the metal cover which is keyed in place on the 
casing. The bushing being keyed into the bakelite case 
cannot slip or turn when the locking nut is drawn Pp 
tightly. Corrosion and electrolytic action, especially 
when the control is used on direct current, is eliminated) 
by the use of bakelite. The center rail and terminal ¢@ 
prise one piece, and a direct connection between wilt 
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LEATHER PACKINGS 
with a PAST...and a FUTURE 


VIM leather aviation packings assure 
proper functioning of shock struts on 
combat planes at all temperatures. 


These same specially impregnated pack- 

ings are now available for industrial 

machine applications, aiding in smooth 
hydraulic control. 


Two years ago— even a year ago—you couldn't have bought 
these aviation-type leather "V” packings. 


They were made for the plane winterization program, and 
every effort was concentrated on keeping the government 
supplied so that shock struts and other aircraft controls would 
function in all climes. 


But now with air supremacy assured, and our own production 
facilities greatly increased, we can supply these packings to 
industry. Machine tool and press designers are finding them 
of great interest. 


These new VIM leather packings are impregnated with syn- 
thetic resin, making them impervious to oils used as the 
hydraulic medium. They hold at low or high pressures, and 
at temperatures from minus 65° fo 175° F. 


You are invited to test them. For full data and sample set, write 


E. F. HOUGHTON & Co. 


303 W. Lehigh Avenue . Philadelphia 33, Penna. 
Sales and Service in All Principal Cities 











ing and the “L” and “R” terminal lugs is provided. Avail- 
able in tandem units with two or more controls on a 
common shaft, the control has a 1500-volt breakdown in- 
sulation between winding and shaft. Ratings are: Linear, 
3 watts; V and W tapers, 2 watts; L, N and U tapers, 1.5 
watts. Resistance values: Linear, 1-75,000 ohms; tapered, 
10 to 50,000 ohms. 


Reduced Voltage Motor Starter 


CALLED TYPE “ARC” a new magnetic, reduced volt- 
age motor starter protects motors from sustained over- 
loads, locked rotor condition, single-phasing and over- 
loading from too frequent starting. Built by Allis-Chalmers 
Mfg. Co., 1126 South Seventieth street, Milwaukee, the 
starter is now available for control of motors from 5 to 





is J 


2500 horsepower, up to 5000 volts, 3-phase, 50 or 60 
cycles. Reduced voltage, two-point starting is obtained 
with a built-in autotransformer, utilizing accurate, syn- 
chronous motor-driven, adjustable timing relay for transi- 
tion from starting to running position. The autotrans- 
formers are built into units up to 800 horsepower; above 
800 horsepower autotransformers are furnished for sep- 
arate mounting. Interrupting capacity rating of the new 
starter is ten times the motor’s full load current. 


Electrode for A-C Operation 


IMIADE SPECIFICALLY for alternating-current opera- 
tion, a new general-purpose electrode for mild steel, des- 
ignated as “Fleetweld 35”,.has been announced by The 
Lincoln Electric Co., Cleveland. The new electrode will 
also operate on direct-current with either polarity, depend- 
ing upon the type of work being done, and has charac- 
teristics similar to the company’s “Fleetweld” electrodes 
for high-speed welding of single or multiple passes for 
work in flat, vertical or overhead positions. Available in 
¥%-inch, 5/32-inch and 3/16-inch sizes, the electrode pro- 
vides a tensile strength from 62,000 to 70,000 pounds per 
square inch in the as-welded specimens; yield strength of 
52,000 to 57,000 pounds per square inch, with ductility 
(elongation in 2 inches) of 23 to 30 per cent. Made in 
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14-inch lengths the electrode conforms. to-American-Welg. 
ing Society specifications for arc welding electrode 
classes E-6010 and E-6011. 


Switches with Spring Action 


TYPE L-100 single-pole float switch is the first of a ney 
line of inexpensive switches being produced by Automatic 
Control Co., 1005 University avenue, St. Paul 4. It cap 
be used for small pumps and motors of industrial and 





domestic equipment where durability and positive action 
are required. Rated at 2 horsepower at 110 volts and 
220 volts alternating current, the switch may be mounted 
directly on a motor frame or on a bracket. It also i 
equipped with an adjustable lever arm which can be 
readily bent laterally. Other features included are a 
specially tempered flat coil spring, molded phenolic mount- 
ing for movable contact member, and heavy-duty silver 
contacts. 

‘Another type switch in this line is the heavy-duty, 
silver-contact general-purpose switch known as Type L. 
Built around a spring throw-over principle, the switch is 
provided with a wiping action on the make, maintaining 











constant pressure on the heavy silver contacts. Acti@l 
of the spring is such that the pressure is increased betd | 
the fast break, eliminating cause for breakdowns. 
switch is also rated at 2 horsepower at 110 and 220 voliy 
a. ¢., and at %-horsepower at 110 and 220 volts d. c. | ’ / 


Synthetic Rubber for Insulation 


SYNTHETIC RUBBER latex insulation for power, lig 
ing and communication cable is a result of wartime ¢ 
velopments in rubber, according to United States Rubi 
Co., New York, who developed the new Nubun inst 
tion material. It will permit the design of new 
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.. and a few often-neglected factors 


that affect it 


The thermal conductivity of a metal is 
one thing. 

The actual heat transfer from one 
fluid to another through the metal may 
be a different story altogether. 


For thermal conductivity is listed on 
an ideal working basis. It does not take 
into account the practical factors that 
may slow down heat transfer under 
working conditions. 


It does not allow, for instance, for 
corrosion deposits and films that form 
on metallic walls or for heating or cool- 
ing gases that cling to the metallic 
walls. These films have such low con- 
ductivity that they often make rela- 
tively unimportant the conductivity of 
the metal itself. 


The diagram (below) illustrates the 
slow-up in heat transfer from corrosion 
products and film. The table lists the 
conductance ranges for metal walls, 
and for films that may form upon them. 


These comparative figures show why 
other factors than rated thermal con- 
ductivity are of greater importance in 
heat transfer equipment. 


All the Inco Nickel Alloys are high- 
ly resistant to corrosion, even at high 


Liquid Being Heated 


NTIS CS UACST TES I BN EYS LUPO) he ERT Oe ET 


Comparison of the Conductance Ranges for 


Metallic Walls and Films 
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temperatures. They develop very thin 
end tenacious oxides within their limit- 
ing temperature range. They do not 
scale or build up heavy insulating jack- 
cts of corrosion deposits. Their clean 
emooth surfaces keen down accumu- 
lations of sludge and deposits which 
might retard heat transfer. 


These are the reasons for the re- 
markably rapid heat transfer rates 
which nickel and the INCO Nickel Al- 
loys provide under actual service, espe- 
cially where corrosive conditions and 
hich temperatures are encountered. 


* ae * 


A practical example which illustrates 
the usefulness of INCO Nickel Alloys 
for heat transfer work is the perform- 
ance of Monel tubing used in three of 
the latest high-pressure power stations: 


TWIN BRANCH PLANT, of the Indiana 
and Michigan Electric Company,a subsidiary 
of the American Gas and Electric Service 
Corporation. Te plant was designed to gen- 
crate steam at a now high pressure for com- 
mercial units... 2500 Ibs. Steam bled from 
the turbincs at temperatures as high as 637° 
F., and pressures as high as 700 psi, surrounds 
the Monel tubing through which 550,000 
pounds of water an hour rush under pres- 
sure of 3200 psi. De- 
spite the spced at which 
it moves, the water is 
boosted from 353° F., 
to 490° F., due to the 
excellent heat transfer 
properties of the Monel 
tubing. 


NARRAGANSETT 
ELECTRIC Co., 
Providence,R.I. Steam 
is bled from the tur- 
bine at 700° I’. 430,000 
pounds of water, undcr 
pressure of 1300 psi, 
Pass through the Monel 
tubing evcry hour. The 
water is pro-hcated to 
400° F., before enter- 
ing the high-pressure 
boiler. 












WATER 
TO 
BOILER 





TURBINE 


FEED PUMP 





MONEL TUBES FOR HIGH PRESSURES“HIGH TEMPERATURES 





SHELL 
DRAIN 











Cross-section of typical beat exchanger of the 
type used in Narragansett Electric Co. Plant. 
Note use cf Monel Tubing. 


OSWEGO PLANT of the Central New York 
Powcr Corp. Stcam is bled from the turbine 
at 770° F., at a pressure of 699 psi. Internal 
water pressure in the Monel tubing is 2000 
psi. The swiftly rushing water is pre-heated 
to 450° to 485° F. 


Recently, all three installations were 
inspected. In addition to performing 
their heat transfer job, the Monel tubes 
in these heaters have stood up perfect- 
ly under the high pressures, high tem- 
peratures, and corrosive, erosive attack 
to which they have been subjected. 


For further information about heat 
transfer, write for the INCO Technical 
Bulletin: “Heat Transfer through Me- 
tallic Walls.” Address: 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 WALL STREET NEW YORK 5, 0. 
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of wire and cable with improved electrical and physical 
characteristics. Made by the latex continuous dip method, 
Nubun insulation has several outstanding features—flexi- 
bility, impermeability to water, laminated construction, and 
centering of the conductor to produce an insulated wire of 
maximum conductivity and minimum diameter. It is 
said to be homogeneous following vulcanization and has 
high electrical characteristics such’ as dielectric strength 
and insulation resistance. Made from a special modifica- 
tion of Buna S synthetic rubber, it is low in specific con- 
ductive capacity, has good aging qualities, and will re- 
sist severe wear because of the latex process. 


Solid ‘Injection Diesels 


Two sOLip injection, compression ignition engines 
have been added to the line of Climax Engineering Co., 
Clinton, Ia. Both engines are four-cycle, full diesels in- 
tended for use as drives for pumps, compressors, mills, 
mine equipment, marine service, etc. Model D 148 is a 
two-cylinder unit with a maximum rating of 22 horse- 
power, and may be equipped for pulley drive with or 
without clutch, or clutch and reduction gear, or auxiliary 
power takeoff. As a diesel electric plant it may be direct- 





connected, on a single base, with a 15-kva generator. The 
other engine, Model D 297, is a four-cylinder diesel with 
a maximum rating of 44 horsepower. Drive equipment 
similar to Model D 148 is available. A special feature 
of this model, however, is that a flywheel, clutch, gen- 
erator or marine gears may be installed on either or both 
ends, providing a radiator is not used. 


Bellows Type Shaft Seal 


SINCE PREPARING the announcement on the bellows 
type shaft seal developed by The Crane Packing Co., 
1825 Cuyler avenue, Chicago 13, which appeared in the 
August issue of Macuine Desicn, additional data has be- 
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come available. The normal range of operating presgy, 
is from 0 to 200 pounds per square inch, although th 
seal has been applied successfully to much higher pre. 
sures. It is regularly available for shafts from %-inch » 
3 inches in diameter, and larger sizes to 10 inches jy 
shaft diameter can be furnished on application. 4) 
exclusive feature of the seal is the flexing head of th 
bellows which offers no resistance to the spring, allowing 
the sealing washer to remain in contact with the seat x 
the sealing faces wear, and providing automatic com, | 








pensation for shaft vibration and end-play. A protecting 
ferrule, fitting the shaft loosely, guides the flexing bellows 
head and prevents the synthetic rubber from contacting 
the shaft at this point. The stationary floating seat i 
held in a synthetic rubber holding ring, permitting easy LOW 
insertion, preventing stress distortion of the sealing face ayy 
during installation, and allowing the face to be lapped 





; ONE 
before insertion. 
Variable-Speed Transmission pas 

Tort 

ADAPTABLE TO a variety of machines such as bani lal 
saws, bottle capping machines, conveyors, embossing mz rh 


chines, etching machines, machine tools, mixers, ovens, 
printing and binding machinery, etc., a new variable § are! 
speed transmission added to the line of American Pulley give 
Co., 4200 Wissahickon avenue, Philadelphia 29, features 
simplified remote control and universal mounting. Re 








mote control through a compact flexible shaft makes po 
sible the mounting of the unit in or on machines to plat 
the control in a safe and handy location. Because tht 
movement of the Hanges is controlled mechanically, the 
Speed-Jack transmission may be mounted vertically, hot 
zontally or in any other position suited to the equipmetl 
V-belts provide stepless control of speed through a 3 to! wes 
ratio. The design of the control mechanism eliminalé 
ratio-creep and assures belt alignment regardless of the 
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4 Ways Needle 
Bearings Promote Cost Economies 


TYPE AT 


LOWEST COST PER GIVEN LOAD OF 

ANY ANTI-FRICTION BEARING IS BUT 

ONE OF THE NEEDLE BEARING’S CON- 
TRIBUTIONS TO COST SAVINGS 


One of the surprising features of 
Torrington Needle Bearings, particu- 
larly in the case of the widely used 
D.C. Type, is their low cost—for they 
are recognized as the lowest in cost per 
given load of any anti-friction bearing! 

Yet initial cost is only one of several 
economy features which accrue to users 
of these modern anti-friction units. 
Consider, for example, the advantage 
of their high unit capacity in relation 
to cost. The smaller size of the Torrington 
Needle Bearings which may be used 
tesults in savings of size, weight and 
material costs of surrounding members. 

This contributes in turn to easier, 
faster handling of all parts on the pro- 
duction line. But it is the ease and 
speed with which Torrington Needle 
Bearings are installed that effect a 
major saving in time and labor required 
for assembly. Furthermore, neither the 
use of snap rings nor staking the bear- 
ings in position is required—as once 


MacHIne Drsicn—September, 1944 








TYPE DC 


properly installed Needle Bearings will 
not shift or creep in the housing. 

Efficient lubrication—due to the 
basic design of these Needle Bearings 
—eliminates the need for complicated 
or costly systems for providing ample 
lubrication. This means simplification 
of the design and production jobs. 


Economies to Aid User 


All of these advantages add up to still 
another important cost consideration— 
a longer life of trouble-free service—for 
the product using Torrington Needle 
Bearings. Reduced costs of servicing, 
replacement parts and repair, along 
with lower operating costs due to in- 
creased product efficiency are features 





your customers will also appreciate. 


If you are seeking manufacturing 
economies and wish to increase your 
product's efficiency at the same time, 
you may find the answer in Torrington 
Needle Bearings. Our Engineering De- 
partment will gladly work with you in 
securing the full advantages of these 
bearings in your own product planning. 
Write for further information. A copy 
of our Needle Bearing Catalog No. 30-A 
should be in every product engineer's 
file. Send today for your copy. 


THE TORRINGTON COMPANY 
Established 1866 ¢ Torrington, Conn. « South Bend 21,Ind. 
“Makers of Needle Bearings and Needle Bearing Rollers’’ 


New York Boston Philadelphia $ 

Detroit Cleveland Seattle = a 
San Francisco Chicago Los Angeles 4 
Toronto London, England 





NEEDLE 





TORRINGTON 


BEARINGS 

















Mfg. Co., Milwaukee. 


specifications. 


mounting position, belt wear or stretch. The flanges are 
of steel-faced plastic which results in light weight and 
provides balance and smooth, vibration-free operation. 


Compressor Unit Available 


C OMBINING SEVEN de- 
vices for the control of com- 
pressor operations into a com- 
pact unit, the new Compressor- 
Trol developed by the Electro- 
Mechanical division of Man- 
ning, Maxwell & Moore Inc., 
Bridgeport, Conn., is available 
in three sizes. These are %, 
% and 1% inches, depending 
on the inlet connection. The 
control is equipped with the 
company’s Duraswitch, with 
either an electric or mechan- 
ical attachment for operating 
the two-way unloading valve 
mounted on. the Compressor- 
Trol casting. All require- 
ments of tank-mounted com- 
pressors up to 15 horsepower 


or 60 cubic feet per minute are covered in the new unit. 
The muffler on the compressor discharges into the tank, 
breaks up the discharge and disperses the air in a manner 
insuring adequate mixing with the cooler gases in the 
tank to reduce the temperature and moisture content. The 
combined Duraswitch and gage has a heavy-duty gear- 
less movement, slide rule dial, a horizontal self-draining 
and nonfreezing tube, and the entire gage is removable. 
It can be furnished in all standard pressure ranges. 


Arc-Welding Electrodes 


SMOOTH-FLOWING, arc-welding electrodes with quiet 
arc characteristics have been introduced by Allis-Chalmers 
These new electrodes, both alter- 
nating and direct-current types, use the standard Amer- 
ican Welding Society number and color, simplifying se- 
lection and handling. 


Retractable Tubing 


To MEET THE many industrial requirements for a port- 
able duct connection for cold or heated air, The Wiremold 
Co., Hartford 10, Conn., is offering its new specialized 
Made of lightweight fabric, a 15-foot length 
when retracted may be stowed in a 1-foot container, 
although when of heavier material this ratio is somewhat 
reduced. The standard inside diameters include 4, 6, 
8, 10 and 12 inches, while other diameters are made to 
The lengths in which it is available are 
from 2 to 50 feet, and temperature of heated air it is cap- 
able of withstanding is up to 300 degrees Fahr. End 
terminations are furnished to suit individual requirements. 
Many variations in construction are possible depending 





on the application. The number of spirals may be jp. 
creased or decreased from the standard which is four 
foot length. Also many types of flexible material cy 
be used, ranging from lightweight cotton or synthetip 
fabrics to heavy canvas duck, which may be impregnate 
where desirable. Some of the typical applications jp. 
clude airplane engine preheaters, ventilating ship hold 
tanks, cars and other enclosed spaces. 


Steel Aircraft Wheels 


To MEET THE specifications and requirements of a cop. 
ventional light-metal wheel, such as aluminum, magne. 
sium, etc., The Kelsey-Hayes Wheel Co., Detroit, has 
developed a steel aircraft wheel. The new wheel is made 
from steel stampings of low-alloy material, heat treated, 
and is designed to provide the maximum of strength with 
minimum weight. Riveted type of construction is em 
ployed. 


Engineering Dept. Equipment 
Lights for Drafting Room 


BOTH THE pendant type (No. 1946-C) and the ce 
ing-mounted type (No. 1947-C) luminaires, announced by 
Curtis Lighting Inc., 6135 West Sixty-fifth street, Chicago 
38, can be used both individually and in continuous row 
in drafting rooms. The luminaires are unshielded uni§ 
and can be converted into “Warrior” luminaires by ob 
taining the louver body and louver end plates. A sted 





wiring channel and a nonmetallic reflector, ballast shields 
and reflector ends are used. The width of the unit ’ 
9% inches, and length 48 inches. Suspension from the 
top of the ballast to the bottom of the wireway end plate 
is 6% inches. The unit is wired for 110-125 volts, 6 
cycles, alternating current, high power factor tulamp bal 
lasts. It can also be furnished wired for 220-250 volts. 


Blue, Black and White Printer 


46QVER-ALL DRYING” of blue, black or white print 
is performed by an electrically heated dryer offered 
Peck and Harvey, 4327-M Addison street, Chicago 4). 
Available in two sizes, the machine can handle prints @ 
26 and 44-inch widths. In addition to the standard heat 
regulation, the “B-8” dryers are also equipped with vat 
able-speed drive motors and controllers which pent 
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American Flexible Metal Hose 


Proves Its Fitness 


Before Leaving The Factory 


Wi, “ny, 


VERY LENGTH of American Flexible Metal Hose, 
before leaving the factory, is thoroughly tested 
under pressure as a final check. This operation is 
typical of the care exercised in the manufacture of 
AMERICAN products, and is one of the reasons why 
AMERICAN maintains such an enviable reputation 
for dependability. 

Wherever a practically indestructible, flexible, 
airtight conveyor is required for oil, gas or liquids; 
for vacuum service cr for isolating vibration, it is 
logical to turn to American Flexible Metal Hose. 
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BUY WAR BONDS 


American Flexible Metal Hose withstands heat 
and high pressures without deterioration. It is re- 
sistant to many of the corrosive influences which 
render non-metallic hose impractical to use. Fur- 
nished in bronze and other workable metals with 
cr without couplings, there is a type for nearly 
every industrial purpose. 

The Technical Department of The American 
Metal Hose Branch of The American Brass Com- 
pany is prepared to offer suggestions and make rec- 
ommendations regarding special applications. s:9 





MacHiIng DrsicN—September, 1944 


Buy More Than Before 





167 








speed changes over a range of 6 inches to 3% feet per 
minute—thus accommodating various types of work under 
different drying conditions. The current consumption on 
the 26-inch dryer is 14 amperes on 110 volts, and 7 am- 





peres on 220 volts; and on the 44-inch unit, 23 amperes 
on 110 volts, and 12 on 220 volts. The latter model, 
furnished for alternating-current or direct-current opera- 
tion, is 58 inches long, 28 inches wide and 13 inches 
high. The overall dimensions of the 26-inch dryer, also 
for alternating-current and direct-current operation, are 
40 x 28 x 18 inches. 


Microfilming Drawings 


FOR CONDENSING and preserving vital records for 
an indefinite period, the Microcopy Corp., 2800 West 
Olive avenue, Burbank, Calif., has introduced its Trans- 
lite Hi-Reduction process. Because of this high-fidelity 
translite feature, the process is particularly adaptable to 
engineering drawings in pencil on transparent paper. The 
negative can be used to make copies on other pieces of 
film, and to enlarge and make copies of the original in 
any size desired, on tracing paper, cloth or film. The 





Microcopy reduction photographs of drawings are on a 
continuous roll, making the master tamper-proof as well 
as saving space in storage. For reading copies, a multiple- 
magnification viewer is supplied in various models which 
is operated on a motion-picture film projector principle, 
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from a control panel. 
centralized within the frame for easier reading. 


Three-Dimensional Drawing Guides 


T HREE-DIMENSIONAL drawing is speeded up by th 
ellipse templates now being offered by The A. Lietz Qp, 
913 South Grand avenue, Los Angeles 15, and 520 Mont 
gomery street, San Francisco 11. These guides are (9. 
thick celluloid templates and are made in a set of ten, 
with angles from 15 to 60 degrees by 5-degree increment, 





Templates of 60, 55, 45 and 40 have ellipses from %-inch 
to %-inch, increasing by thirty-secondths, then by six 
teenths to 1 inch and by eighths to 2. Templates of $8, 
30, 25, 20, and 15 degrees progress the same, but start 
with sizes of 5/32, 3/16, 7/32, % and %-inch, respec 
tively. The guides are equally efficient for either pend 
or ink, and are available as complete sets or separately. 


Fluorescent Unit Announced 


ANNOUNCED BY F. W. Wakefield Brass Co., Vern: 
lion, O., a fluorescent unit has been designed for high 
quality illumination in drafting rooms. It uses etched 
ribbed glass for side panels to prevent glare and open 
louvers in the bottom of the unit to prevent direct view 
of the lamp. Lamp replacement is provided by a hinging 
arrangement of the louvers whereby lamps can be easily 
reached. Known as the Beacon, the unit has an all-sted 
construction with the exception of the louvers. The met 
al end-caps are pierced in a decorative design, backed w 
with translucent plastic. Ballasts are mounted in an it 
verted position within the channel and are only partially 
enclosed. This construction provides a cooler operating 
position with resultant decreased failure of ballasts from 
heat exposure. Metal parts of the unit are finished # 
satin zinc, providing a rustproof plated coating. In add: 
tion one coat of clear enamel is applied for extra protectio 
Units are available with stem suspension or with close 
mounting for low ceiling areas. 
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TO + .000025” WITHOUT PRE-SELECTION OF PARTS 


Accustomed to thinking of tolerances in “tenths”? 

Then you can readily appreciate the problems overcome in 
mass-producing this gear-driven metering pump, where vital 
dimensions must be held, not just to ten-thousandths of an 
inch, but to “quarter tenths”! 

Consider these “musts”: undeviating accuracy of the gear 
teeth... precise thickness and concentricity of the gears them- 
selves...uniform gear-chamber clearances...four holes in the 
side plates located, ground and exactly spaced on a perfectly 
straight center line...lapping to +.000025”. Add to this, 
strict interchangeability.of parts. 

Do you wonder that leading engineers frowned on its prac- 
ticability in mass-production...had discarded the principle 
of the geared pump with an “it can't be done”? 


But W. H. Nichols and Sons is doing it. Engineering its 
production so that strict interchangeability is possible with- 
out pre-selection of any of its parts, Nichols has produced over 
400,000 of these pumps and is still at it. Called “the most accu- 
rate assembly of commercial parts ever produced;’ this pump 
is essential equipment today in 95% of our rayon plants. 

You may never need a rayon pump. What you may need is 
the ability that made it. The same Nichols engineering skill, 
mass-precision methods and production facilities that went 
into the successful development of the Rayon Pump can be 
your answer to an equally difficult manufacturing problem. 

Perhaps you have shelved a good idea that “couldn't be done 
right” Then it’s the job to discuss with “Accurate” Nichols. 
W. H. NICHOLS & SONS, WALTHAM 54, MASS. 


4a 
Accu Vl 


PRECISION ENGINEERING AND MANUFACTURING FACILITIES FOR MASS PRODUCTION 
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Men of Machines 


WIDELY KNOWN as an industrial engineer, Paul E. Frantz, in his 
new appointment as operations manager of Adel Precision Corp., brings 
to the company an extensive experience in the manufacture of . precision 
armament equipment, and in the mass-production of electrical household 
appliances. Acting as a consulting engineer he has designed and tooled 
intricate war equipment such as the automatic pilot, K-9 gunsights, turbo- 
superchargers, 90-millimeter antiaircraft guns, naval gunfire directional 
controls and electrical components such as commutators used in inertia 
engine starters for aircraft. Prior to this, Mr. Frantz was chief engineer 
of the Apex Electrical Mfg. Co., Cleveland, manufacturers of domestic 
machinery, electric motors and related devices. He holds a number of 
patents on several such appliances. In addition to being a graduate 
electrical engineer, Mr. Frantz is a lawyer, a member of the Ohio State 
Bar, where he specialized in research on patent law. He is a graduate of 
Notre Dame. Before joining Adel, he had been associated with Lucien I. 
Yeomans Inc., industrial engineers of Chicago. 


ELECTION OF P. H. Bates of the National Bureau of Standards, 
Washington, as president of the American Society for Testing Materials 
has been announced recently. Mr. Bates has been active in the society 
since 1926, and in 1940 was the society’s Edgar Marburg Lecturer. From 
1937 to 1939 he was also a member of the executive committee, and prior 
to his appointment as president he completed a term as vice president of 
the society. A graduate of the University of Pennsylvania in 1902, Mr. 
Bates’ first connection was that of assistant chemist of the Pennsylvania 
railroad, where he served until 1906. While at Altoona, Mr. Bates was 
associated with the society’s first president, Charles B. Dudley. After 
leaving the railroad, he became ckemist of the Technologic Branch, U. S. 
Geological Survey at St. Louis, and from 1910 to 1919 was in charge 
ot the Pittsburgh Branch of the National Bureau of Standards. During 
the next two years he was chief, Structural Miscellaneous Materials Division, 
at the Bureau, and also acting chief, Ceramic Division. He has been in his 
present position as chief of the Clay and Silicate Products division since 1921. 





AFTER SERVING for four years as assistant chief engineer of the 
Oldsmobile division of General Motors Corp., Lansing, Mich., Jack F. 
Wolfram has been made chief engineer. Born in Pittsburgh, he obtained 
his early schooling there, and secured his technical training through courses 
in drafting, machine design, and business administration from several 
national correspondence schools, as well as private tutoring. Mr. Wolfram 
began his career as a technical clerk during the summers of 1916 and 1917 
with the Hyle and Patterson Co., and later in the blueprint department 
of H. Koppers Co. The following nine months he spent as a reporter for 
the F. W. Dodge Co., and in 1918 joined the civil engineering staff of 
the B & O Railroad. Two years later he became connected with the 
American Heating and Ventilating Co., Cleveland, in charge of heating 
and ventilating design, and left there after six months to enter the tool 
designing department of the Enterprise Tool Co. From 1921 to 1928, 
he was employed by the Chandler Motor Car Co. successively 
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ORD MOUNTS", as they are generally known, are being produced at 
the rate of many millions per year. A large proportion of this pro- 
duction is of synthetic rubber, which has proved in the main, to be as 
effective as natural rubber in flexible mounts for Vibration Control. 







The entire facilities of the Lord factory are used to produce 
mountings and other bonded rubber products, and the energies 
of the research, development, and field engineering staffs, are 
devoted exclusively to the improvement of these products for 
industrial and military use. By specializing, Lord is producing 
mountings that are the criterion in the flexible suspension field. 

The method of bonding rubber to metal, which Lord has 
developed, permits the use of the rubber in such manner that 
the stress is always in shear, thus providing the proper deflec- 
tion for a given load. The final result is a mounting system 
which provides the greatest efficiency in vibration isolation. 


Lord Mountings are small, compact, lightweight units, easy 
to install and load ratings range in small increments from a few 
ounces to several thousand pounds. They prolong equipment life, 
lower maintenance costs, insure greater accuracy of operation, 
reduce material weights by eliminating the necessity for inertia masses, 
increase personnel efficiency by eliminating nerve-wearing noise 
and vibration transmitted through solid conduction. 


Send for literature on vibration control or call in a Lord 
Vibration Engineer for consultation on vibration problems. There 
is no obligation. 


IT TAKES RUBBER Iu Shear TO ABSORB VIBRATION 


LORD MANUFACTURING COMPANY 


ERIE, PENNSYLVANIA 


Do More Than Before— 
Buy EXTRA War Bonds 





Originators of Shear Type Bonded Rubber Mountings 
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as a draftsman, designer and experimental engineer. 
In 1928 he entered the employ of General Motors as 
assistant experimental engineer of Oldsmobile, and in 
1934 was advanced to the position of experimental 
engineer. He was named assistant chief engineer in 
1940, which position he filled until his recent appointment 
as chief engineer. Mr. Wolfram is a member of the 
Society of Automotive Engineers. 
° 


H. S. Manwanrinc has recently been named chief en- 
gineer of the mechanical research and development di- 
vision of International Harvester Co., Chicago. 

. 


Raymonp G. Huxuicoss has left his post as assistant 
professor of engineering for Oklahoma A & M college, 
Stillwater, Okla., for his new position as lubricating engi- 
neer with Boeing Aircraft Co., Wichita, Kans. 

+ 


Joun SEAGREN, formerly chief engineer of Atlas Im- 
perial Diesel Engine Co., Oakland, Calif., is now con- 
nected with Northern Pump Co., Minneapolis. 

. 


Cuares I. Preston recently was appointed aircraft 
engine designer for Chrysler Corp., Detroit. He former- 
ly had been connected with the U. S. Army Air Forces, 
Air Service Command, Patterson Field, Fairfield, O. 

+ 

Howarp H. Lancpon has been made head of research 
and development of Consolidated Machine Tool Corp., 
Rochester, N. Y. He formerly had been head of the me- 
chanical engineering department, State College of Wash- 
ington. 

+ 

Jack BrockEn, who has been an associate designer with 
Brooks Stevens Industrial Design, has joined the firm of 
G. McStay Jackson Inc., Chicago, as vice president in 


charge of industrial design. 
. 


Joun E. Terescuux, previously associated with the 
White Motor Co., Cleveland, as automotive designer, has 
become connected with Chrysler Corp., Highland Park, 
Mich., in the same capacity. 

+ 

EucENE J. FREEMAN has been transferred from plant 
layout engineer to senior hydraulic design engineer of 
Adel Precision Products Corp. 

. 

WeErNER H. E. ENGEL has been promoted from designer 
in charge of the drafting room to product engineer in the 
Photo-Record division of Remington Rand Inc., Brooklyn, 
Se 

: 

JosepH Norman Paquin has been advanced to the po- 
sition of chief development engineer from development 
engineer at Weatherhead Co. 

¢ 

Aex D. BatLey, vice president of the Commonwealth 
Edison Co., Chicago, is the nominee for president.of the 
American Society of Mechanical Engineers. 

+ 

Water P. Scumirrer is the third recipient of the 

Edward P. Connell award, the presentation being made 


172 























at the American Gear Manufacturers association at its fe, 

cent annual meeting. Mr. Schmitter is chief engineer g 

The Falk Corp., and has been active in the association jy 

many capacities, including that of president. 
° 


A. E. LinpBerc, associated with Moline Tool 
Moline, Ill., for thirty-four years—the last twenty-five gy 
chief engineer—has recently retired. Replacing him j 
C. E. Parxuurst who has been connected with the con, 
pany for sixteen years. D. C. Erpper, who has been 
the engineering staff for twenty-five years, has been 
pointed assistant chief engineer. 


¢ 


Dr. L. H. FuLuer has been appointed assistant ef 
engineer of the Joshua Hendy Iron Works, Sunnyy 
Calif. 

¢ 

Joun A. Faer, formerly assistant chief engineer, 
been appointed to take charge of extraction equipm 
development. Mr. Faler will coordinate new design; 
equipment development work in this division. Tuoy 
J. Kearney has been promoted from technical advisopip 
the director of sales for Detrex Corp., to assistant hig 
engineer in charge of industrial equipment design and 
detailing. Mr. Kearney has been connected with the eam 
pany for ten years. 

+ 

G. T. Mrrcue.i, formerly production engineer, fi 
been named superintendent of the machine shop @ 
Ozalid Products division. A.C: WencEr is the production 
engineer. It was erroneously stated that Mr. Mitchell wa 
made assistant to F. O. Trump, recently appointed chie 
engineer, in the June issue. 


¢ 


Cuar_es A. PowEL, manager of headquarters engines 
ing of Westinghouse Electric & Mfg. Co., has been electel 
president of the American Institute of Electrical Eng 
neers. 

+ 

ERLING Friscu, designer of propulsion equipment ff 
the Navy, was one of the recipients of the Westinghour 
Order of Merit. Among others who received the awatl 
were: JAMES DeKiep, engineer on naval work; EveREm 
McCanbDL_LEss, test engineer for power station apparatts 
Enocu H. Turnock Jr., engineer on welding electrott 
development; and Epwarp I. REEp, who developed a new 
method for grinding porcelain insulators. 





¢ 


Curnton E. Swirt has been appointed assistant mat 
ager of the engineering and research department of Et 
tectic Welding Alloys Co. Before becoming connected 
with Eutectic, he had been manager of the welding & 
vision of Ampco Metal Inc. 





+ 


Fioyp T. Hacue, formerly manager of engineering, h® 
been made assistant to the vice president, acting as eng 
neering consultant for all departments of the steam 
vision of Westinghouse Electric & Mfg. Co., Philadelphit 
C. B. CAMPBELL was named manager of engineering, ® 
placing Mr. Hague, and J. S. Newron was appointed # 
sistant manager of engineering. 


wee ome aha 
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WITH TORRINGTON BEARINGS 


ALL IN THE DAY'S WORK typifies the attitude of Torrington engineers when they undertake the 
design and manufacture of anti-friction bearings for new or unusual applications. The 
skilled workman shown in the illustration is grinding the race for a precision bearing 10 feet in 
diameter, with a tolerance of two-thousandths of an inch. When you need counsel on standard 
or large, custom-built bearings, TURN TO TORRINGTON. 



























LIFTING 125-TON LOADS is the job of these tackle 
blocks designed and built by the Downs 
Crane & Hoist Company. With one block 
employing six sheaves, the other three, they 
are used in tandem to reeve the 19 parts of 
one inch wire rope required to sustain the 
load. Two NCS Needle Bearings, supplied 
by Torrington’s Bantam Bearings Division, 
were installed in each of the sheaves which 
revolve on a 3” hardened and ground shaft, 
with the pin hollow bored for pressure lubri- 
cation. NCS Needle Bearings combine the 
advantage of high load capacity and compact 
design with ease of installation. 








speeds, and to take up the very heavy radial and thrust 
5 loads, both main and milling spindles are mounted in 
re) Tapered Roller Bearings, 30” O.D., as shown in the 
© accompanying cross-section. Eccentricity and face 
O O ey run-out of these bearings is .0005 maximum—an 
f Ev Z example of the ability of Torrington’s Bantam Bear- 
ected ings Division to build precision bearings for heavy- 
; duty applications. 
g di 
THIS CINCINNATI PNEUMATIC Squeeze Type 
Riveter, with a 3-ton compressive force, 
manufactured by the Schauer Machine Com- . 
, has Paty, provides an interesting application for 
.f Torrington LN Needle Bearings. Selected be- 
eng cause of their compact design and high load 
1 GER capacity, the bearings were installed, as shown oC he R J NGTO EA R | | NG Ss 
phi In the accompanying cross-section, at the \ 
i: Ponts where pressure is extremely high. 
STRAIGHT ROLLER » TAPERED ROLLER - NEEDLE + BALL 
THE TORRINGTON COMPANY ¢ BANTAM BEARINGS DIVISION 
SOUTH BEND 21, INDIANA 
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MILLING THREADS in 8” howitzers and 155 mm. guns is 
part of the important work performed by this Master 
Thread Miller, manufactured by the Smalley-General 
Company. To provide the essential accuracy at high 
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Brakes 


(Continued from Page 184) 
A. The stator unit is supported by bearings, either role 
or bronze, on the hub of the rotor which is either bored 
and keyseated to fit the shaft requiring braking, or has 4 
shaft extension for connection through a coupling. Stator 
B is held from rotating. Suitable stuffing boxes prevent 
any leakage of fluid around the hubs. . 


How Fluid Friction Develops 


On both sides of the rotor and stator are opposing 
pockets E, separated by the partitions F that are inclined 
to oppose the direction of rotation when braking is re. 
quired. Cool water is introduced through the inlet pipe 
and the chambers H in the side walls and induced to flow 
into the pockets E by means of an arrangement of nozzles, 
During operation, the water which has been heated by 
fluid friction is discharged through the outlet pipe at the 
top and replaced by cool water from an appropriately 


placed supply tank. 
SELF-ADJUSTING FOR WEAR Views d, e, f, and g of Fig. 8 show how this type of 
due to “Bucket Design” (special vane) principle | },ake develops the fluid friction to which it owes its brak- 
; ing power. The white particles represent slugs of water. 





2/3 to 3-1/2G PM 
Pressures to 15) 
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AS PUMP ONLY In view d the slug has been introduced into one of the 

O Oo) Complete with casing rotor pockets and centrifugal force throws it to the outer 
1 or as ‘“‘stripped’’ unit circumference thereby imparting energy to it. In view e 
a for use as part of the slug of water is being directed with considerable ves 
machine. locity out of the pocket of the rotor and into those of the 

: stator, but in so doing it is cut by the edges of the stator ™ 

iff ails. POWERED UNIT pocket partitions which are inclined to oppose the direc. 

A complete pumping tion of rotation. This retards the speed of the rotor and 

ct ———— 2> wnit with base end dissipates some of the energy. View f shows the slug 
slectetia meter. broken up and distributed among a number of stator 

pockets. In flowing back toward the hub, some of its re- 

Tl V-BELT DRIVE maining energy is dissipated by fluid friction against the 

am This unit is furnished stator walls. In view g the slug, still retaining some of 








its velocity, is being drawn back from the stator into the 
rotor. Here it is cut again, this time by rotor partitions. 
Thus, the velocity of the rotor is impeded further and 
Small size, quiet operation and wide choice more energy is dissipated. 
of mountings and drives gives this new 
ae a po een at dha 
esigned to handle oils, solvents, hydraulic Fluid Brake Applied to Conveyor 
control liquids and all clean liquids having Bee neeten eer 
lubricating properties. 
This pump can be furnished in special 
construction for mounting on many differ- 


complete as shown. 


A scheme proposed for utilizing one of these hydro- 
dynamic braking units for the purpose of limiting the 


ent types of machines. Please send us your speed of an inclined belt conveyor is shown in Fig. 9. The 

specifications. characteristics of this conveyor are such that when the 

SPECIAL RELIEF VALVE OPTIONAL motor is connected to the line it will accelerate the speed 

: , : of the conveyor belt to the point where the full-load op- 

Write for mounting diagrams and erating speed of the motor is reached. Then the load is 

specifications. Bulletin NEW 2. increasingly applied to the belt at its upper end, accelerat- 

OTHER BLACKMER UNITS: ing it until the motor obtains synchronous speed. At this 

POWER PUMPS: HAND PUMPS; point an electric governor mounted on any one of the 

EZY-KLEEN STRAINERS; rotating shafts operates through a relay to disconnect the 
Capacities 1 to 750 GPM motor from the power lines, allowing it to idle and be — 


driven by the conveyor load. The relay also acts to opet 


BLACKMER PUMP COMPANY |: solenoid-actuated valve situated in the supply line of 


1979 CENTURY AVE. GRAND RAPIDS 9, MICHIGAN the braking unit. With the solenoid valve open, the pump 
oe ey is free to supply the braking unit with water from the 
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* 
10 H/ 4 is one of many structural 


shapes being produced by 


American Magnesium Corporation. Strong 
because of its design and the alloy* used— 
very light in weight because it’s magnesium 
—economical to employ because this extru- 
sion replaces an expensive built-up beam. 

There are doubtless many places where 
structural shapes having the combination 
of strength and light weight and economy 
will be advantageous. May we help 
you determine where in your products? 
Aluminum Company of America (Sales 
Agent for Mazlo Magnesium Products) 
1703 Gulf Building, Pittsburgh 19, Penna. 


*AM-C58S-TS 


UVBSitpdpiary oF ALUMINUM COMPANY oF AMERICA 
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FABRICATION 





Sm: flanged and tapered liner tube, 
used in an aircraft exhaust assembly 
to protect a light gauge flexible tube, entails 
severe forming operations. In this applica- 
tion, it’ must also lick tough heat and corro- 
sion conditions. 

If you have felt it necessary to sacrifice any 
corrosion or heat resistance to gain ease of 
fabrication—this is the time to examine the 
possibilities of Carpenter Welded Stainless 
Tubing. 

Its metallurgical characteristics make it a 
“natural” for exhaust and other high tempera- 
ture and corrosive applications while the duc- 
tility and uniform structure of, this material 
help speed fabricating operations. Carpenter 
Welded Stainless Tubing can be finish-formed 
by bending and expanding as well as tapering 
and flanging as shown above. Its uniform wall 
thickness permits the use of lighter gauges 
without sacrifice of strength to provide space 
and weight saving assemblies so vital in air- 
craft manufacture. 


WE CAN GIVE YOU HELP 


if you need it on your fabrication and design- 
engineering problems. Our ‘SQUICK FACTS” 
Bulletins, containing factual data on physical 
properties and workability are available to all 
users of tubing. A note on your company 
letterhead will put a series of these bulletins 
in your hands. 

CARPENTER WELDED STAINLESS TUBING meets Army 
and Navy Specifications: is available in ten different analyses 
to meet specific corrosion and heat resistant requirements; and 


is 100% Hydrostatically Tested. 


THE CARPENTER STEEL COMPANY 
Welded Alloy Tube Division « Kenilworth, N. J. 


UT Os 
WELDED 
STAINLESS TUBING 








supply tank through an adjustable plug valve. Inasmy, 
as heat is generated in the brake unit through fluid frie. 
tion, a radiator and fan are required for the purpose ¢ 
dissipating that heat. 

Thus the complete water circuit is: Tank, thr 
pump, through hydrodynamic brake unit, through radj:, 
tor and back to tank. The amount of braking pow 
exerted is dependent on the amount of water permite 
through the braking unit and it will be seen that this 
amount can be controlled by the two adjustable plug 
valves. With the plug valves set so that the brake ypj 
will hold the conveyor speed slightly above the synchro. 
ous speed of the motor, any further increase of conveyor 
speed due to overloading will be resisted by the brak 
unit. 


Speed: Control Is Automatic 


Should the loading on the conveyor belt be decreased 
the brake unit will slow the belt to a speed slightly beloy 
the synchronous speed of the motor at which time th 
governor will act to close the motor circuit and close the 
solenoid valve, allowing the brake unit to clear itself of 


_ water. . Free of water, the brake unit becomes ineffective 


and the motor will continue to drive until its speed agaip 
rises to the cut-out point. 

When braking units of this type are operated full of 
water (with maximum resistance) their capacities increas 
approximately as the cube of increases in speed. Thi 
explains their “governing” action in that a relatively slight 
increase in speed results in an appreciable improvement 
in power-absorption capacity. These units need not bk 
operated full of water—their braking power at a give 
speed decreases in relation to the volume of water the 
contain. Thus it will be seen that any one size of such: 
braking unit will cover a considerable range of power 
capacity although, like any mechanism, its efficiency wil 
be greatest under certain most favorable conditions. 


Designer and Manufacturer Should Cooperate 


In general, the brake types covered in this article at 
representative of those in most prevalent use. Speci 
conditions of course require special solutions, but it is als 
true that the majority of braking problems are not unusu, 
and whole-hearted cooperation between the machine dé 
signer and the brake manufacturer invariably will rest 
in satisfactory solutions. The designer is in a position! 
analyze the mechanical system and determine forces, til 
ing, duty cycles, and kinetic energy and convey this it 
formation to the brake manufacturer so that the requilt 
ments may be compared with brake qualities. When®™ 
standard brake is suitable it usually is possible to desig 
to meet the requirements, although obviously it is mo 
economical to use commercial brakes wherever at @ 
feasible. 


Macuine Désicn acknowledges with appreciation the cal 
laboration of the following companies in the preparation ¢ 
this article: Bendix Products Div., Bendix Aviation Om 
(Fig. 7); Cutler-Hammer Inc. (Fig. 1); The Electric 
trolier & Mfg. Co. (Figs. 2 and 8); Empire Electric Brake 
(Figs. 5 and 6); General Electric Co. (Fig. 4); The Parke 
burg Rig & Reel Co. (Figs. 8 and 9). 
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ate The bushing consists of a PRESTITE tube on Grits pecke, but can: te used 
4 which are Solder-Sealed a terminal cap and a stud. in similar apparatus, combining 
cle aha: ° ° ° . ‘ 
‘Spal Similar bushings are available without hardware for jack and terminal board. 
+ iol Solder-Sealing to other parts on the manufacturer’s 
vail own production lirie. SOLDER-SEALED BUSHING — for 
am : , d use with thicker gage covers of 
rine ef ©Solder-Sealed PRESTITE assemblies offer im- larger size transformers and 
I] resi Mediate help to manufacturers in many available capacitors. Bushing is Solder- 
sition standard forms. They also open up many new and Sealed to a metal ring which is 
es. tilt Leege : soldered to the container cover. 
es, added possibilities in postwar uses. For complete 
this ®@ information, send for booklet B-3244. Westinghouse 
requile . ' . q 
aa r Electric & Manufacturing Company, East Pitts- PRESTITE is a dense nonporous ceramic com- 
‘ burgh Pa., Dept. 7-N pacted under high pressure and vacuum by the 
» desigi 3 1 P pent os patented PRESTITE method of -manufacture. 
is mor This eliminates minute air pockets in the 
- at al material, thus minimizing distortion in voltage 
e gradients and eliminating internal corona dis- 
estin Ouse charges. PRESTITE is impervious to moisture 
: and all chemicals except hydrofluoric acid. The 
P Fe EVERY WHERE 3 : ; : 
me eet enc Tae — quality of PRESTITE is consistently uniform, 
ration C thus eliminating the need for the exaggerated 
nw OMMUN ICATIONS EQUIPMENT safety factors common in other ceramics. 
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Lobe COUPLINGS 

















BACKLASH, FRICTION, 
WEAR AND 
CROSS-PULL 


the four destructive evils 


found in other types and 


makes of couplings: 


NO BACKLASH 
NO WEAR 

NO LUBRICATION 
NO THRUST 

FREE END FLOAT 


These are the five essential 
features of Thomas Flexible Couplings 
that insure a permanent carefree 
installation. 





TYPE AM 





7 TYPE SS 


TYPE DBZ-D 





WRITE FOR COMPLETE 
ENGINEERING CATALOG 


THOMAS FLEXIBLE COUPLING CO. 
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DESIGN 
ABSTRACTS 


Heat of Chips Measures Tool Force 


geo a research workers have recognized that the 
first law of thermodynamics—“When work is trans. 
formed into heat, or heat into work, the quantity of work 
is mechanically equivalent to the quantity of heat’—js 
applicable in metal-cutting operations. When an investi- 
gation of high-speed milling was initiated by the author; 
company, the calorimetric method was decided upon after 
a survey of available test equipment had been made. This 
decision was confirmed by a large number of tests. 

With this method the power required by the tool is 
determined from the heat in the chips. Distilled water 
is employed as the medium for measuring the quantity of 
heat generated by a combination of friction and defor- 
mation during the cutting operation. By noting the tem- 
perature change of the water into which the chips fall, it 
is possible to study the ettects of workpiece materials, feeds, 
speeds, and tool angles on power requirments of the tool. 
—From a paper by A. O. Schmidt, Kearney & Trecker 
Corp., presented at the semiannual meeting of the A.S.M.E. 


De-Icing Airplane Propellers 


REVENTION and removal of ice on airplane pro- 

pellers have been attempted by mechanical, chemical, 
and thermal means. Experiments with elastic blade-cov- 
ering devices, which were intended to stretch and there- 
by break the ice bond, have not given satisfactory results 
and do not appear practical. 

Chemicals to be applied prior to flight have received 
extensive attention for a number of years. Recent results 
have justified the use in service of some compounds. The 
objections to this method seem to be the difficulty under 
service conditions in getting a proper application prior to 
flight, the loss in effectiveness due to time elapsed be 
tween application and use, and the effects upon perform 
ance of the airplane produced by applications of certaif 
compounds. It can be expected, however, that prepara- 
tions will be available which, if properly applied imme 
diately before a flight, will provide an allowable minimum 
of protection for certain types and sizes of propellers dur- 


‘ing operations of limited duration. 


Chemicals applied during flight have provided airline 
operators with an allowable minimum of protection on the 
propeller types and sizes which have thus far been em- 
ployed in commercial aviation. Aids toward the efficient 
distribution of alcohol, which has been found by extensive 
service testing to be the most practical chemical, have 
been made available. These consist of a grooved-elastic 
covering, applied to the blade leading edge, which com 
ducts the fluid to outer blade stations; and elastic com 
necting devices between the collector’or slinger ring and 
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ARMSTRONG’S SEALING MATERIALS 


DC-118 is one of more than fifty sealing 
materials developed by Armstrong. For de- 
scriptions of these materials, see Sweet’s 
File for Product Designers or write us for 
a copy of the free booklet, “Gaskets, Pack- 
ings, and Seals.” Armstrong Cork Co., Indus- 
trial Division, 5109 Arch St., Lancaster, Pa. 
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the blade leading-edge groove system. Effective opera 
A t ten t ion i tion of the alcohol system depends upon the alcohol he 
. ing distributed prior to the icing encounter. The wap 
droplets upon impact mix with the alcohol and, althong 
ENGINEERS, DESIGNERS some ice may form, the accretions are soft and a i 
_ thrown off without damage or annoyance to occupant 
F tf Objections to the use of the alcohol system for prope 

blades are that skill on the part of the pilot is necess 
order to get reasonably economical use of the fluid, tha 
the system does not function satisfactorily in all types ¢ 
ice, and that it is doubtful if satisfactory protection can } 
See) is: obtained on future larger-diameter propellers. : 
ha | Electrical heating of the propeller blade through he 
_ use of a hub-type alternating-current generator and cop 
sg EW AMER A ducting rubber blade shoes has been investigated ay 
found to possess practical possibilities. An accurate esti 


mate of the practicability cannot be made from the limite 


& nd Photo Equipment research flights in icing conditions, but it does appear thap 


this method will give protection at least equal to that of 
¥ 0 Ww A V A | L a 4 L E tained by the use of alcohol, and may weigh less and hay 
less maintenance problems; however, this latter state 


to essential users . ment is open to question. Effectiveness of the the nd 
e WRITE FOR FREE PRICE LIST method is not as sensitive to icing types as is the alcohe 


system, and the skill of the pilot is not involved. It is dg 


0 we Vv FE Q ~ sirable to avoid depending upon piloting skills to operat 
ice-prevention equipment because in icing condition 

which are almost always accompanied by instrument fy 

Cc A i E od A E X Cc H A bd S E ing conditions there are many other demands on the pilot 
Dept. MS, 1410 New York Ave., N. W. Developments of other means of propeller blade heal 
Washington 5, D. C. ing for application to large diameter propellers and po 

sibly rotating wing aircraft are under way. The preséy 


state of these developments does not permit a forecast 
what form of application these will take. It does 














a paper by Lewis A. Rodert, National Advisory Comm 
tee for Aeronautics, presented at the National Aeronati 
meeting of the S.A.E. in New York. 


RY Ho safe to forecast, however, that the protection for e 
e pellers of diameters greater than 15 feet will inval 
} methods not as yet developed for propeller blades.—F, 0 


Assure yourself of getting 
the original by specifying 


OSTWAR planning is no new problem; it is no ¢ 
GUuSHER ferent, except in degree and in difficulty, from the kt 
term planning that successful business men are doing @ 
COOL ANT PU MPS tinuously. We should talk more about long-term plan 
and less about postwar. We are, it is true, facing a gre 
Universally accepted by leading machine- variety of new conditions and with less information wh 
tool designers and builders, GUSHER | makes this planning just now more difficult; but, om 
Se re See ee Seat other hand, a highly favorable fact is that everyone reé it 
Simplicity and sturdiness of construction, | that conditions following the war will be different, @ 
with a minimum of wearing parts, assure | Heople will be mentally prepared for change. 
1.4. age beendptendammnngdicerstettncapearttomp Each kind of product, each customer group, and ef 


Multiplicity of types and sizes, producin i : é E 
nuling fin Py tiny aie to Se market area has its past history, its war experience, @ 
gallons per minute, gives you your choice | its postwar prospects. As always, these should be studi 


of a Gusher model and type for your by familiar market-research methods. Separately, 
special needs. in addition to this individual-product approach, each lai 


Model TL-7320 company has its own history and experience throug 


ae 2 at Se Write for catalogue which it has developed an individuality and a composil 
po rg Haney i character that can serve as an additional guide to its futt 


: ; prospects.—From a paper by Frank D. Newbury, Westiig 
Te See mn con bitte house Electric & Mfg. Co., presented at the semiant 


The “Gusher’—A Modern Pump for Modern Machine Tools meeting of the A.S.M.E. in Pittsburgh. 


Postwar or Long-Term? 


Gusher Pumps Patented and Patents Pending 
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AIRCRAFT HYDRAULICS 


For every aircraft hydraulic unit made to 
proprietary design, there are two made to 
airframe manufacturers’ design. 





Although we do considerable design work, 
we frequently manufacture units which 
have been completely designed and detailed 
by the plane builder. 


Illustrated here, are three aircraft hydrau- 
lic units; an engine cowl flap cylinder and 
two automatic control valves, Each of these 
units was wholly designed by the plane 
builder. We have produced large quantities 
of these units on extremely short schedules. 


The control valves have permanent mould- 
ed aluminum bodies. The cylinder has a 
forged aluminum cap. Pistons and sleeves 
are precision ground and lapped to fits of 
.0002-in. The completed units operate on 
1500 p.s.i. pressure system. 


We can make hydraulic units complete 
from casting to smallest machined part. 


We employ only the most advanced produc- 
tion methods and our test equipment will 
meet the latest hydraulic testing specifica- 
tions. 


A VARD-built hydraulic unit will meet the 


specifications. 


\ ARMY SS 


Ss 








INC. PASADENA S, CALIF. 





VARD1 
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The knowledge, facilities and experience 
acquired in 40 years of forging and rolling an- 
nular products give Taylor Forge a definite ad- 
vantage in producing seamless rings of uniformly 
high quality. Taylor Forge puts at your disposal 
the finest forging, rolling and machining equi 
ment ... a modern laboratory to verify specific 
characteristics . . . complete facilities for all cypes 
of heat treating . . . everything it takes to fill 
your requirements, no matter how rigid they 
may be. Inquiries are invited. 


Forged and Rolled by 
TAYLOR FORGE 


TAYLOR FORGE & PIPE WORKS 
General Offices & Works: Chicago, P.O. Box 485 
New York Office: 50 Church St. 
Philadelphia Office: Broad Street Station Bldg. 










Other Taylor Forge products include: 
“WeldELLS” and related seamless fittings 
for pipe welding; forged steel flanges; 
forged steel nozzles and welding necks for 
boiler and other pressure vessel outlets; 
light wall spiral pipe; heavy wall electric- 
weld pipe; corrugated furnaces, and simi- 
lar forged and rolled products. 
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(Concluded from Page 154) j 
haps the engineers who find it necessary to figure volym 
and weights so accurately have a working knowledgeg 
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where c/2=length of half chord; m/2=length 
of half arc; A-area of half segment (shown 
hatched); and V=volume of ring generated by 
the half circular segment. 


Fig. 2—Formulas for calculating volume of filleted se io 
having arc less than 99 dejrees 


calculus, but no doubt there are some who would ff 
to have the methods involving geometry and trigonomé 
—H. G. Tayiowl 

Diamond Chain & Mfg. { 


To the Editor: 


May I express my appreciation to Mr. H. G. Tayli 
for his excellent letter in which he so clearly and % 
offers constructive comments on my article? So far 
I can see, his only criticism is that formulas derived ff 
the simpler branches of mathematics such as geomell 
and ‘trigonometry should have been presented rath 
than those derived by means of calculus. 

Being familiar with the methods to which Mr. Taylor 
refers, I gave them careful consideration when preparing 
the article. In the case of fillet sections having 90-degre 
arcs, the resulting equations are comparatively simpk 
regardless of the method used. However, in the case d 
fillets with arcs less than 90 degrees the problem is, # 
Mr. Taylor admits, not so simple. When using the method 
he suggests it is necessary to calculate the exact are 
of a section through the fillet and the exact location d 
the “center of gravity” of this area before solving th 
problem. I felt that this method, although often use, 
is rather roundabout and that it would require as mut 
work and almost as much mathematical knowledge 
the part of the reader as the more logical and diet 
analytical method based on calculus. 

Further, I felt that if the reader with limited mathe 
matical training could not follow the calculus of th 
derivations, he would have little difficulty in handling tht 
resulting equations which, except for their slightly w 
familiar form actually require nothing more than a work: 
ing knowledge of elementary algebra and trigonomel 
for their solution. 





—Currrorp H. McCLraix 
Llanerch, Penn 
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A Whitcomb Diesel Driven Locomotive equipped with 

Taylor 
eparing 
-degree Toughest job for any locomotive comes right at the start—moving the load. 
7 And that’s where an American Blower Fluid Drive makes the big differ- 
— ence on a Diesel powered locomotive. 
nh 1S, . ot . . : . 
we Fluid Driving through a hydraulic coupling on a Diesel locomotive 
in materially increases the tractive effort and makes possible smooth acceler- 
pee ation from a standing start. It protects the Diesel Engine and transmission 
i and improves over-all efficiency. 
in, ‘ . a , ‘ ‘ 
Right now all American Blower Fluid Drives are going to war as a vital 
- uh part of fighter-plane equipment, in warships, cargo vessels, and into the 
; 4 plants of vital war industries. 

ge R ‘ : ; : 

direc After Victory investigate the advantages of Fluid Drive for your products 
: or processes. 

mathe- American Blower pioneered and developed the principle 

of the of Fluid Driving through hydraulic couplings in America. 
ing the 
tly uw 


cua ete AMERICAN BLOWER 


— AMERICAN BLOWER CORPORATION, DETROIT, MICHIGAN 
LAIN fer enccilence CANADIAN SIROCCO COMPANY, LTD., WINDSOR, ONTARIO 
Penné. in production. Division of American Rapiaror & Standard Savitary corroration ? 


aa) 
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American Blower Fluid Drive. 





Cutaway view of American 
Blower Fluid Drive. There is 
no mechanical connection 
between driving and driven 
members. 
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INDUSTRY'S NEW SOURCE OF CONTROLLED POWER 



































Kuid Byer 


DRIVES THE MERCURY DOWN 


When the mercury in the thermometer rises too high, 
many things spoil—including tempers. But Fluid Power 
forces the temperature down, makes synthetic cold one 
of man’s most useful servants. 

Your electrical refrigerator is a good example of this 
type of Fluid Power. In a closed system of tubing, 
liquids change into gases and back again to liquids 
in a repeated cycle. Heat is extracted, carried away, 
then dissipated into the air. 

Applications of this type of Fluid Power are expand- 
ing rapidly. Industry uses below-zero cabinets to obtain 
shrink fits. Home freezers may revolutionize the food 
storage problem of the future. Air cooling and condition- 
ing may eventually become a standard in every home. 

If you are considering product development using this 
type of Fluid Power, ask a Parker engineer. He is familiar 
with the new advances and applications in this field. 





a a Parker Engineer ABOUT FLUID POWER 


Today, you'll find Parker-engineered Fluid Power 
Systems in locomotives and bombers, in ships, machine 
tools and chemical plants. If you need FLUID POWER 
for control or drive, talk the matter over with a Parker 
engineer. He has the kind of “know-how” you'll find most 
valuable. Write direct to The Parker Appliance Company, 
| 17325 Euclid Avenue, Cleveland 12, Ohio. 
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BUSINESS AND 
SALES BRIEFS 


PPOINTMENT of Wayne Martin as sales engineer has } a 
announced by The National Smelting Co., Cleve nd, 


Mr. Martin previously had been connected with Sperry 
scope Co. Inc. as assistant materials engineer. 


oO 


Previously a sales specialist on welding products at Amerigj 
Brake Shoe Co., Dudley Rice has been made a field engingg 
in the Chicago district by Eutectic Welding Alloys Co, 
will make his headquarters with two other field engineers @ 
53 West Jackson boulevard. 


* 


With headquarters in the Fisher building, Detroit, Gegj 
F. Getschman has been named district sales manager for 
Michigan, Indiana, Illinois, Wisconsin, Minnesota, Iowa, Mig 
souri and northwest Ohio territory of Rolled Thread Die Cr 
Worcester, Mass. y 


* 


Recent appointment of W. E. Cameron as national 1 
manager of Hydrotarder sales has been announced by Tf 
Parkersburg Rig & Reel Co., Parkersburg, W. Va. 


* 


Aluminum Co. of America, Pittsburgh, has appointed thig 
assistant general sales managers—R. V. Davies will head salt 
engineering and development activities; R. B. McKee wil ® 
in charge of district sales offices and all direct selling acti 
ities, and Donovan Wilmot will be in charge of product mate 
ager activities and warehouse distribution. 5 


* 


Construction of a new building adjacent to the preset 
plant at 1400 East 222nd street, Cleveland, has been started 
by the Mec-Rad division of Black Industries solely for the 
manufacture of mechanical and electrical components fe 
radionics. 


2 


. Formerly connected with Arrow-Hart and Hegeman Eleetre 
Co., Earl R. Sayre has been named application engineer fo 
P. R. Mallory & Co. Inc., Indianapolis. 


& 


Change of name to Santay Corp. has been annousced by 
Sinko Tool & Mfg. Co., Chicago, manufacturers of injectiol 
plastic moldings, sheet metal stampings, etc. 





a 


A new company to be known as Grayhill has been organized 
by Ralph M. Hill and Gordon E. Gray for the engineeritg 
and manufacture of mechanical and electrical switching & 
vices used by electrical, electronic and aircraft concem 
General offices are at 1 North Pulaski road, Chicago, ant 
1948 Mac 
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PNEUMATIC FORGING HAMMER 


Crankshaft mounted on heavy duty Hyatt Roller Bearings, _ ++ built by 


in separate case, permits assembly of complete drive unit. Chambersburg 
Engineering 





Use of Hyatt Bearings eliminates need of bearing adjustments. 


To economically forge present day tough carbon and alloy 
steels, more powerful blows, delivered with greater rapidity, 
are required of pneumatic forging hammers. The most depend- 
able and efficient in heavy duty bearings is necessary to meet 
these severe conditions. 


We will be glad to assist you with your bearings design problems. 


HYATT BEARINGS Division of GENERAL MOTORS 
HARRISON, NEW JERSEY 
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Kuid Bwer 


DRIVES THE MERCURY DOWN 


When the mercury in the thermometer rises too high, 
many things spoil—including tempers. But Fluid Power 
forces the temperature down, makes synthetic cold one 
of man’s most useful servants. 

Your electrical refrigerator is a good example of this 
type of Fluid Power. In a closed system of tubing, 
liquids change into gases and back again to liquids 
in a repeated cycle. Heat is extracted, carried away, 
then dissipated into the air. 

Applications of this type of Fluid Power are expand- 
ing rapidly. Industry uses below-zero cabinets to obtain 
shrink fits. Home freezers may revolutionize the food 
storage problem of the future. Air cooling and condition- 
ing may eventually become a standard in every home. 

If you are considering product development using this 
type of Fluid Power, ask a Parker engineer. He is familiar 
with the new advances and applications in this field. 





tsi a Parker Engineer ABOUT FLUID POWER 


Today, you'll find Parker-engineered Fluid Power 
Systems in locomotives and bombers, in ships, machine 
tools and chemical plants. If you need FLUID POWER 
for control or drive, talk the matter over with a Parker 
engineer. He has the kind of “know-how” you'll find most 
valuable. Write direct to The Parker Appliance Company, 
7 7325 Euclid Avenue, Cleveland 12, Ohio. 
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announced by The National Smelting Co., Cleyels 
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Construction of a new building adjacent to the pres 
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PNEUMATIC FORGING HAMMER 


Crankshaft mounted on heavy duty Hyatt Roller Bearings, 
Mm separate case, permits assembly of complete drive unit. 


... built by 
Chambersburg 
Engineering 


Use of Hyatt Bearings eliminates need of bearing adjustments. \ Company 





To economically forge present day tough carbon and alloy 

steels, more powerful blows, delivered with greater rapidity, 

are required of pneumatic forging hammers. The most depend- 

able and efficient in heavy duty bearings is necessary to meet 
severe conditions. 


We will be glad to assist you with your bearings design problems. 


HYATT BEARINGS Division of GENERAL MOTORS 
HARRISON, NEW JERSEY 
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COME TO THE PLANT 
THAT SPECIALIZES ON 
THEM... aad nothing else 


The Harper organization devotes its ener- 
gies and facilities exclusively to non-ferrous 
and stainless fastenings. It manufactures 
bolts, nuts, screws, washers, rivets and spec- 


ials of Brass, Bronze, Copper, Everdur, 


Monel Metal and Stainless Steel. It produces 


nothing in common steel or iron. 


Harper offers large and widely assorted 
stocks . . . extensive manufacturing facilities 
. .. engineering “know-how” .. . and field 
service difficult to match elsewhere. All of 


which means much to the fastening user. 


New four color, one hundred four page 
catalog and reference book ready soon. 


THE H. M. 
252.Fletcher Street © Chicago 18, Illinois 


BRANCH OFFICES: New York City » Philadelphia 
Los Angeles « Milwaukee « Cincinnati « Houston 


Representatives in Principal Cities 


HARPER COMPANY 





BRASS + BRONZE +> COPPER - EVERDUR 
WAONEL + STAINLESS 

























manufacturing facilities at La Grange, Ill. W. §. Lewis 
been made chief mechanical engineer and general pane 
while Amold Wassell has been placed in charge of y 
design engineering and production of plastic parts, 


Succeeding Willard H. Cobb is Ernest G. Brown as om 
manager of mechanical goods, general products aud f 
yarn and rubber thread divisions of United States Rubies 
Mr. Brown has been with the company since 1929. © 


4 


* 


. »At.a-recent meeting in Philadelphia the Pressed } 
Institute elected the following officers: F. C. Greenhill. 
president of Acklin Stamping Co., Toledo, O. as pres 
J. H. Robins, president of American Pulley Co., Philadel 
as first vice president; and Tom J. Smith Jr. of Cleveland 
Huntington, W. Va., as executive vice president. 


= 
a Bie 


Purchase of an adjacent tract of land has almost dol 
the present Newark, N. J., site of Mass & Waldstep 
producer of industrial finishes. q 


Election of Charles O. Drayton as vice president in @ 
of sales and George H. Reama as vice president in chit 
manufacturing has been announced by American Sctew 
Providence, R. I. Mr. Drayton formerly had been 
sales manager while Mr. Reama had been factory mana et 


* 


T. R. Porter has been appointed technical-commercial] 
sentative on high-frequency heating by North Americaqy 
ips Co. Inc. Mr. Porter, who had been associated] 
Westinghouse for the past eight years, will be located a 
pany headquarters—100 East Forty-second street, New ‘on 


* 


Opening of offices in the Daily News building, 20) 
Forty-second street, New York 17, has been annou 
Van Doren, Nowland & Schladermundt, industrial desi 


e 


Formerly national sales manager of the cellulose tubit 
division of Sylvania Industrial Corp., New York, R. G, Ake 
has been appointed sales manager, midwest division, Littelfoe 
Inc., Chicago. Dee Breen has been named division 
manager for the Western states and will make his headquatts 
at the plant in El Monte, Calif. 


Zees 





© 







Appointment of Harry W. Gray as instrument sales engn® 
hes been announced by Manning, Maxwell & Moore 
Bridgeport 2, Conn. Previously Mr. Gray had been 38 
to the general sales manager, Airtemp division, Chrysler 
Dayton, O. 


* 









According to an announcement made by Shenango-Pe# 
Mold Co., Dover, O., Paul H. Mielke has been made 

and service representative for the Pittsburgh territory 
western Pennsylvania, eastern Ohio (including the Youngstow 
















area), and western New York (including Schenectady, 
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How to 1 
ify Slow= | 
8 
wit 


From blueprint stage to installation, designers 
of slow-speed machines have simplified their 
problems by making full use of the compactness 
and efficiency of American Reduction Drives. 


e The reduction unit mounts directly on the 
shaft—as easy to install as a pulley. No need 
to make provision for heavy supports or spe- 
cial foundations. 


e This ‘‘mount-on-the-shaft’’ feature makes for 
compactness, space-saving, streamlined de- 
sign and neat appearance. 


e It delivers any given speed between ll and 
154 rpm. through the unit's standard 13-l 
ratio when the proper ratio American V-Belt 
or Flat-Belt Drive is used. Speed changes are 
accomplished simply by changing the ratio 
of the primary drive. 


e Theelimination of maintenance problems adds 
greatly to your machine's salability. The 
belt absorbs the impact of shock loads and 
acts as a cushion to save motor and gear wear. 


e Available in six standard stock sizes to fit jobs 
from 1/4 to 25 hp. 


Write for your copy of the American Reduc- “The Ce ° G2 any 
tion Drives Handbook. In it you will find meuUCcan tulley 

dimensions and drive selection tables that 4236 WISSAHICKON AVE., PHILADELPHIA 29, PA. 
will simplify laying out your job. 























WEDGBELT SHEAVES 


American Wedgbelt Sheaves are 
made to highest precision stand- 
ards of sound, strong materials. 
Accurately machined, carefully 
balanced, they assure true-run- 
ning performance. 
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PUMPS and COMPRESSORS 











© PACKING OR AD- 


NT due to Au- 
JUSTMEN Shaft Seal. 
eet shaft 
















NO RECIPROCAT- 






















G PARTS— 
FORCED AIR COOLING ..; pave pees AB 
Coling Fan f, G with : - weight, 
Oth ends of <p) ONE or gee eeapest 
— lower shaft. Pr o- than reciprocat: 
life pefature, longs ing pumps. 
tionable fi lta objec. 





The further you “look into” Gast, the more you 
will become convinced that Gast Rotary Design 
offers you unequalled advantages in maintenance 
and operating economy, space and weight saving, 
and trouble-free performance—because of the 
construction features indicated here. 


That is why we say, if you have immediate —or 
post-war—need for vacuum or compressed air 
(pressure below 30 Ibs.) on any application, “Look 
into Gast Rotaries”. 


Start right now by sending for your copy of the 
new descriptive folder, “Industry’s Trend to Air 
for Power”. Address Gast Mfg. Corp., 107 Hinkley 
Street, Benton Harbor, Michigan. 


CAST AIR 


1 COM Od. See WE OrOD 8 23 8 2-1-1 OD se) 
VACUUM PUMPS 















ter, Syracuse and Buffalo). Mr. Mielke, who has had this 
years in the centrifugal casting industry, will make his he 
quarters in Pittsburgh. 


oO 


Titan Metal Mfg. Co., Bellefonte, Pa., has announced 
removal of a building from New Castle, Del., to serye s 
addition to the plants in Central Pennsylvania. As part of th 
expansion program a new melting, extruding and cold-finids 
brass mill will be built and equipped. Production of } 
rods is expected to double. 


A new plant located at 30 East Burbank boulevard, § 
bank, Calif., has been built by Ampco Metal Inc., Milwaukee 
in order to improve its service. 


o 


Election of Carl I. Collins as executive vice president 
director has been announced by Superior Steel Corp.. Pit 
burgh. Previously Mr. Collins had been executive vice pean 
dent of Wickwire Spencer Steel Co. in New York. 


According to a recent announcement, Alan P. Cline at lif 
New Montgomery street, San Francisco 5, and Fred H. Wi 
liams at 5 Ivy street, Atlanta 3, Ga., have been appointed mp 
resentatives in their respective territories by Avery Adhesives 
Los Angeles. 


Several recent additions to the sales force of The Nation 
Smelting Co., Cleveland, have been made recently. In po 
duction and sales work since 1936, V. D. Sweeney has bee 
named sales manager. A. C. Hamilton has become Michigan 
representative while James F. Donnelly Jr. has been appointed 
eastern representative. 


* 


Lindsay & Lindsay, Chicago, maker of prefabricated metl 
structures, has appointed The Fielding-Wales Co. at 18% 
Euclid avenue, Cleveland, as industrial representatives. 


* 


Purchase of an additional plant located at Fifth and Cutter 
streets, Cincinnati, has been announced by Newman Brothers. 
Plant No. 1 is at 660-670 West Fourth street, Cincinnati The 
company at the present time is manufacturing valves and fi 
tings, deck drains and sounding rods for airplane cams, 
operating gear mechanisms, rudder bushings, hose counectit! 
flanges, stuffing boxes, etc. 


© 


According to a recent announcement by Goodyear Tie 
Rubber Co., William L. Rodgers has joined the Mechanict 
Goods department and will handle V-belt sales in the Chica? 
territory. Mr. Rodgers previously had been employed: i 
Dayton Rubber Co., Chicago, as an agricultural represent 
tive on V-belt sales. 








@ 





Promotion of F. T. Turner to assistant sales manage of 
brush division has been announced by The Osborn Mig. @ 
Cleveland. Sales and service engineer in the Pittsb' a 
for several years and most recently in the home CHES 


(Continued on Page 194) 
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| COMPARATIVE BONDING QUALITIES OF RUBBER AND VARIOUS SYNTHETIC RUBBERS 
































































































































Materials | Natural Rubb-r | Reclaim Rubber | Buna “S” Cuna“N” | Neoprene | Thiokol 
| Aluminum 28 and 33 __Good_ _i| Good =a. 2 Good | ‘Good Poor 5 
Black Iron ; “a Goods |_ Good _- Good ____ Good Good | . 
Brass 70/30 orless Good Good Good | Good | Good Fair 
Bronze fe som Poor Poor _Poor RB Poor “Poor — 
Cadmium Pict> m Good Good ___ Good Good Good Seo Fh 
Cast Iron __|_____ Goed Good | Good | Good | Good | Fair 
Chromium Plate = _Fair | Fair Fair | Fair Fair [a 
Copper | __— ear oo Poor me eS | ___Poor ise Poor Poor 
Dow Metal ae Good i Good Good = | Good __ Good | Good 
Galvanized Iron os | Poor 7] Poor __ ____ Poor a Good oS ee 
__ Lead Le | Good Good ~ Goed | Good | Good Good 
StainlessSteel == <i Fair Fair Fair | 2 ee” See a 
Steel RE: e Good Good | Good | Good Good —_ om 
| Carbon Good Good ~ Good i. ee ae ee ae 
Weed wie Mh mo ae: a. 1. 
Celotex | Good Good Good | Good ; ~ Good a 








NOTE: ORCO engineers are conducting additional tests on these materials. Complete information on all materials listed and man 
\ others is obtainable upon specific inquiry. 











In planning the design, construction and operat- 
ing efficiencies of machinery of all descriptions, 
where rubber and synthetic rubber must be 
bonded to metals and other materials, some- 
one has to KNOW the adhesion qualities of 
the specified materials. 


The above chart summarizes the results of exhaus- 
tive tests conducted by ORCO engineers on the 


bonding qualities of the indicated materials. 


Limitations of space make it impossible to list 
the multitude of materials on which factual 
information on adhesion qualities is available 


from ORCO engineers. 


This storehouse of accumulated experience is 
available to YOU. It is part of what we term 
"ORCO-OPERATION"™. 
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Dowel 


ALLE Pins 


Polished precision-ground pins for accurate locat- 


- 





ing of work; tolerance limit .0002” over basic size 
(with allowable tolerance of .0001”.) Metallurgically 
in the class of ALLEN Hollow Screws: — made of the 
same special-analysis ALLENOY steel and heat-treated 
with the same scientific controls. 


Tensile strength measures from 240,000 to 250,000 
Ibs. per sq. inch. Pins won’t mushroom when driven 
into a tight hole, — the outer surface being extremely 
hard, with a core of the right hardness to prevént 
distortion. Here’s HOLDING-POWER for tool and die 
assemblies under severest stresses. 


The full line of ALLEN Dowel 
Pins and Hex-Socket Screws 
will be exhibited at the Na- 
tional Metal Congress and 
War Conference Displays in 
Cleveland, Ohio, October 
16th.-20th. See us at booth 
No. E-137. Meanwhile, ask 
your local Industrial Distrib- 
utor for samples and listings 
of Allen products. 


— 
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THE ALLEN MFG. COMPANY 


HARTFORD, * ALLEN * 


CONN. 




















(Continued from Page 188) 
special assignments, Mr. Turner will organize sales p 
and assist sales manager, M. C. Pecsok, in Supervising | 


sales force. 
3° 


Election of the following presidents of subsidiary compe 
has been announced by Union Carbide & Carbon Corp, New 
York: Dr. Joseph G. Davidson, Carbide & Carbon Chemical 
Corp.; James W. McLaughlin, Bakelite Corp.; Stanley B, Kit, 
The Linde Air Products Co. and The Prest-O-Lite Co, Ine: 
Arthur V. Wilker, National Carbon Co. Inc.; John D. Swain, Th 
Electro Metallurgical Sales Corp.; John R. Van Fleet, United i ort 
States Vanadium Corp. de! 


H, L. Harvill Mfg. Co. has appointed Philip G. Nase andi ®' 
Henry J. DeBry as directors. Mr. Nase acts as eastem repre 
sentative for the company and Mr. DeBry is secretary as wel 
as office manager. . 


With resident engineer Arthur D. Campbell in charge, 4 ™ 
new district office in Cleveland has been opened at 628 Pep 
ton building by Vinco Corp., Detroit. 





® ten 


According to a recent announcement, American Brake Shell be, 
company has appointed Fred P. Biggs as vice president nf j; 
charge of sales of the Brake Shoe and Castings division and 
the Southern Wheel division. Associated with the organim § Wh 
tion since 1916, Mr. Biggs will make his headquarters in New by; 
York. Stephen S. Conway, a member of the sales deput-l na 
ment since 1929, has been named assistant vice president df 
the same divisions and will be located in Chicago. 


° ign 
Reelection of Robert L. Coe as president took place at the 
twenty-fourth annual meeting of the Copper & Brass Resear 


association. Mr. Coe is vice president of Chase Bras i} _ 
Copper Co. Inc., Waterbury, Conn. 


Goodyear Tire & Rubber Co. has announced that constue§ f- 
tion of a second addition to the fabric mill at Decatur, Al, 
has been started. The first addition, which has just bes 
completed, as well as the new one will be devoted to produ | 
tion of rayon fabric for tires and other rubber products. 





Succeeding I. K. Farley is V. H. Hiermeier as industi 
manager of the St. Louis office of Brown Instrument 08 f- 
Philadelphia precision industrial instrument division of Mit 
neapolis-Honeywell Regulator Co. Mr. Hiermeier has bea 
connected with the instrument field for 15 years. = 





Under the direction of Walter A. Fairchild, a -_ 
office has been opened by Bliss & Laughlin Inc. at 650 
street, Hartford 3, Conn. RE 


oO 










Election of J. K. B. Hare as one of four new vice presi’ 
has been announced by Westinghouse Electric & Mig. 
Formerly he had been manager of Central District sales ! 
ities with headquarters in Pittsburgh. “ 














MACHINE DESIGN 






S$ p 
rvising 





Nase and 
tern repre 
ry as well 


srake Shoe 
resident in 


ne in New 
es depart 
resident df 


ace at the 
; Research 
- Brass & 


atur, Ala, 
just bees 
‘0. produc 


cts. 








ment 0, 
of Mir 





Designing Molded Plastics Parts:” 


sia en 
43.9 8" 


NE Dis f 
PLAST! 


Hs 


From the engineering files of One Plastics Avenue 


The resistance of plastics to heat is a property which is hard to define. In 
order to work to a definite standard, the ASTM test D648-41T is used to 
define the heat distortion point. It is the temperature at whicha5 x 4x 4% 
bar when loaded as a simple beam with a 5.5 lb. weight will deflect 10 mils. 
Since an actual application will seldom duplicate these conditions, this test 
is valuable only for comparisons between materials. 


The maximum safe continuous operating temperature is the highest temperature 
at which the particular application or part can be used. A part is considered 
to be above its maximum safe continuous operating temperature if it tends 
to lose over 10% of its mechanical strength, or loses its surface appearance 
and becomes blistered, discolored, or distorted. 


Ifa thermosetting material is subjected to continuous heat, it will not soften 
but will continue to function until it reaches its maximum safe operating 
temperature. If a thermoplastic material is heated, it tends to soften. The 
softening point is frequently evaluated as that point at which the plastic 
becomes readily deformed—as for drawing or shaping of thermoplastic sheets. 
Itis usually above the maximum safe operating temperature. 


When subjected to high temperatures, most plastic materials will ignite and 
burn. The ignition point is considered to be that temperature at which the 
material will ignite after 10 seconds exposure. This is the ultimate temperature 
which the material will stand. A plastic part could, if the exposures to high 
temperature were short and infrequent enough, operate safely up to the 
ignition point. 
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HEAT UNIT 
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TEST FOR HEAT DISTORTION POINT 
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| 
: ; Maximum Safe Continuous Operating : aie 
Material bee ated , Temperature for Molded Parts “Sue | cor 
(under favorable conditions) : ” - 
| | 
Thermoplasties | 
No load 140-190 
ane 130-190 ! 150-260 600-900 
Under load 120-170 
Phenolic | | 
Woodflour filled 240-250 240-250 None 1000 
Asbestos filled 290-300 | 290-300 None 1150 
—————— 
Urea | 260-270 | 170 None 1300 
Mycalex 600 1100 
9. algae 
Cold Molded | 
Non-refractory | 500 None 
eee eee j 
Refractory | 1300 None 
ei | 








REPRINTS of this advertisement may be obtained by writing Section E-220, Cne Plastics Avenue, Pittsfield, Mass. 


Hear the General Electric radio programs: “The G-E All-girl Orchestra” Sunday 10 P.M. EWT, NBC. “The World Today” news, every weekday 6:45 P.M. EWT, CBS. 


BUY WAR BONDS 


GENERALGSELECTRIC 






PD-220 









THERE IS 
4 
DIFFERENCE Sept. 13-15— 


Society of Automotive Engineers Inc. National tractor 
be held at Schroeder hotel, Milwaukee. John A. C. Wamer 29 W 
Thirty-ninth street, New York, is secretary and general manage 





MEETINGS AND © 
EXPOSITIONS _ 








Oct. 2-4— 
American Society of Mechanical Engineers. Cancellation of {ajj 
ing scheduled to be held in Cincinnati has been announced, 
E. Davies, 29 West Thirty-ninth street, New York, is secretary, ) 
Oct. 5-7— J 


Society of Automotive Engineers Inc. National aeronautic 
and engineering display to be held at The Biltmore hotel, Los 4 
John A. C. Warner, 29 West Thirty-ninth street, New York, is 
tary and general manager. 


EIEN A leap as ta Se 





Oct. 12-14— 

American Society of Tool Engineers. Semiannual meeting to be 
at Hotel Syracuse, Syracuse, N. Y. Adrian L. Potter, 2567 West Gm 
boulevard, Detroit, is executive secretary. : 


Electrochemical Society Inc. Fall meeting to be held at Hod § 


ler, Buffalo. Colin G. Fink, 3000 Broadway, New York, is secretay, 


“SAFETY PLUS” SOCKET SCREWS ; 
Oct. 16-18— s \S 

American Institute of Mining and Metallurgical Engineers, Fall m 

have great holding power ing of the Iron and Stee! and Institute of Metals divisions to bel 

in conjunction with the National Metal congress, Public Hall, Cle 

land, Convention headquarters will be at Hotel Statler. Frank T. Si 

29 West Thirty-ninth street, New York, is division secretary. 4 








<0 atlas 


nt RO ithe AD ask 


toes 


Chicago “SAFETY PLUS” Socket 
Oct. 16-19— 


Screws are not only accurate, but they American Welding society. Annual meeting to be held in a 
tion with the National Metal congress, Public Hall, Cleveland. { 


° vention headquarters will be at Hotel Cleveland. M. M. Kelly, 
are tough and strong. Outstanding fea- Thirty-ninth street, New York, is secretary. 





tures are: V¥ electric furnace alloy steel Oct. 16-20— & 

American Society for Metals. National Metal congress and Wil 
ference displays to be held at Public Hall, Cleveland. 

¥ clean, true heads V sharp, full threads See a ete a glee ae 

a Euclid avenue, Cleveland, is secretary. 

¥Y accurate sockets Vv and exceptional 





Oct. 17-20— a 

holding power. Use Chicago “SAFETY Society for Experimental Stress Analysis. Semiannual mee 
held in conjunction with the National Metal congress, Fuse 
ad diltaal / ‘ ° Cleveland. Convention headquarters will be at Carter Bot 
PLUS Products you ll find there is tional information may be obtained from headquarters bs the 

- at Massachusetts Institute of Technology, Cambridge, 

a difference... Manufactured by The ‘ 
Ch S C Oct. 18-20— - 
icago Screw Compan r r American Industrial Radium and X-Ray society. Annual 
rita atte lea oduce ‘ to. be held in conjunction with the National Metal congress 


: . Hall, Cleveland. Convention headquarters will be at Hotel Ba 
of fine threaded products since 1872, Phikp D. Johnson, 25 East Washington street, Chicago, ail 


Chicago “SAFETY PLUS” Products Oct. 19-21— 

Electronic Parts and Equipment Industry conference 
Association of Electronic Parts and Equipment Manufactu 
Managers club, Parts division of Radio Manufacturers ass00S= 
the National Electronics Distributors association, to be held ae 


are being used by American industry 


every where. hotel, Chicago. Additional information may be obtained fre " 
New 
Goienpaul, publicity chairman, care of Aerovox Corp., s 
Fh Di p. ] - Mass. oy 
are dold only thru Nov. 13-14— 


Society of the Plastics Industry. Annual fall convention 
to be held at Waldorf Astoria hotel, New York. Additi a 
may be obtained from headquarters of the Society at ; 





Authorized Distributors 








avenue, New York. F 


THE CHICAGO ScrREW Co. i q 


American Gear Manufacturers association. Twenty ad 
meeting to be held at Edgewater Beach hotel, Chicag® a 
1026 SO. HOMAN AVENUE CHICAGO 24, ILL. Goin, 301-2 Empire building, Pittsburgh, is manager-seet® 


ESTABLISHED 1872 
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